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ABSTRACT

U.S. manufacturers of discrete products must in-
crease their productivity significantly to remain com-
petitive in world markets; the long-term stability of
the U.S. economy depends on this competitive posi-
tion. The Department of Defense procures over $20
billion worth of discrete goods each year. The great
majority of these goods are sophisticated, precision
products -- often electronic-based -- procured in
rather small quantities. They are predominantly
batch-produced. It is precisely in this category of
discrete manufactured products that: (1) the
U.S. has a comparative advantage in world markets,
and (2) DOD requires healthy, efficient, national
manufacturing support.

Batch manufacture of discrete precision products is
characterized by a dynamic environment with con-
tinually changing priorities and job mix. We exam-
ined a wide range of potential computer-based man -
ufacturing systems for increasing manufacturing pro-
ductivity, ranging from near-total programmable au-
tomation of manufacturing -- including assembly
and inspection processes -- to incremental enhance -
ments of existing syster*s. We concluded that the
greatest potential source of productivits improvement
for the batch manufacturing environm:nt is the ef-
fective, interactive use of computers for accurate up-
to-date status information for management, and for
allocation, control, and monitoring of produ~tion re-
sources. Computers are not now being used effec-
tively for these purposes due to the inflexibility of
existing software, the lack of interfaces natural to
managers in this environment, and insufficient real
time status-reporting from tne production processes.

The required software s;stems must be usable
directly by a manager and must he modifiable by
him; they most probably will require some modeling,
deductive, decision-making, and language-under-
stzanding capabilities. We urge the development of a

demonstration system having these features, based
on a graduated R & D program that allows measure-
ment and analysis of the relevant transactions within
the manufacturing environment before the final
management control system is developed. Effective
control software for complex batch production envi-
ronments is a necessary precursor to efficient use of
other advanced automation technologies, such as
automated assembly and inspection systems. The
primary direct benefits of an effective batch produc-
tion management system are: (1) reduced inventory
costs; (2) greater productivity through higher utiliza-
tion of resources; {3) better ability to meet schedules,
resulting in less slippage, defaults, and cost over-
runs. Due to the high degree of concentration of
DOD procurement in a few major industries, the
introduction of advanced computer-based manufac-
turing systems into these key industries can have a
major impact in a relatively short time.

Our secor d recommendation is that research be
continued in computer-controlled manipulation of
objects, with particular emphasis on the mechanical
dexterity required in assembly of avionic packages
and other electronic-based units. We concluded that
assembly and testing operations of this scale will not
be eliminated by the continuing revolution in elec-
tronic components, and will be of increasing impor-
tance in batch-made products procured by DOD; this
same class of electronic-based products is also par-
ticularly crucial to the long-term U.S. balance of
trade.

The batch production manufacturing environment
requires a sophistication in computer-based man-
ageiment and resource control systems that is not
available commercially, but elements of which have
been demonstrated in research laboratories, particu-
larly within the ARPA contractor community. Those
research capabilities must now be transferred to
practical, commercial use.
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PREFACE

In October 1971, a research effort was
begun at the request of the Advanced Re-
search Projects Agency of the Department of
Defense to investigate the feasibility of sig-
nificant production advancements using
computer-based manufacturing technology
and to evaluate the impact such advance-
ments might have on UOD procurement of
manufactured goods.

The research program was initiated by
members of the Computer Sciences Depart-
ment of The Rand Corporation. In July
1972, this investigation was transferred to
the newly-formed University of Southern
California Information Sciences Institute.
This report is the final one on the study
phase of this research program.

This report presents specific recommen-
dations for a major high-impact ARPA-
sponsored research and development pro-
gram in advanced computer-based manu-
facturing technology, including the objec-
tives, required level of effort, milestones,
and duration of such a program. The eco-
nomic analysis in this report also provides a
major source of intormation on many key
characteristics of DOD-related manufactur-
ing industriss. The data obtained in the
course «f our study will be of great impor-
tance to Jther governmental agencies and to
research contractors in formulating and
evaluating complementary research and de-
velopment programs in computer-based
manufacturing.




The Information Processing Techniques
(IPT) Directorate of the Advanced Research
Projects Agency {ARPA) in the Department
of Defense has been responsible for m ich of
the advanced computer science research
and development in the United States dur-
ing the past decade. Foremost among these
development programs are time sharing
systems, large-scale array computers, arti-
ficial intelligence research, and distributed
digital communications networks. The tech-
nical characteristics of many experimental
hardware and software systems demon-
strated by ARPA contractors far excead the
characteristics of systems commercially
available today.

One of DOD's most vital requirements, to
which ARPA research is directly relevant, is
the maximum possible effectiveness of
weapons systems and equipment purchased
-- the most bang for the buck. This is all the
more important since, as discussed in Sec-
tion I! the real purchasing power of DOD's
procurement budget has declined signifi-
cantly in the past 10 years. To even main-
tain existing levels of defense weapons sys-
tems effectiveness, the productivity of DOD
suppliers must be increased, allowing more
systems and equipment to be purchased for
a given level of expenditure.

The importance of manufacturing produc-
tivity, not only to DOD but to the
U.S. economy, is underscored by several
other significant trends: (1) the recurring
balance of payments problem faced by the

Preceding page blank

|. INTRODUCTION

U.S., due primarily to our high manuiactur-
ing costs relative to foreign competitors; (2)
the aggressive, unified, large-scale develop-
mental programs in manufacturing autora-
tion technologies being undertaken by our
principal foreign competitors, notably Ja-
pan.

All of the above considerations led a
grot' s of key ARPA IPT principal research
contractors in spring 1971 to recommend
that ARPA investigate the opportunities for
applying its unique computer science capa-
bilities to increasing manufacturing produc-
tivity. In summer 1971, a research group
within the Computer Sciences Department
of The Rand Corporation, Santa Monica,
California, was asked by ARPA to conduct
such an investigation. In July, 1972, that
investigation was transferred to the newly-
formed University of Southern California In-
formation Sciences Institute. During the past
24 months, members of this study group
met with over 100 representatives of indus-
tr/, research groups, and the government,
axd inspected over 30 different manufac-
turing facilities throughout the
U.S. covering a wide range of products and
technologies. Appendix A of this report con-
tains a list of the major contacts made dur-
ing the course of this investigation.

To discuss the potential impact of ad-
vanced computer-based systems on manu-
facturing productivity -- and particularly on
DOD procurement of manufactured goods --
it is important to understand the unique

3




1. INTRODUCTION

characteristics of the products that DOD
procures, the relative importance of certain
key products, and the characteristics of the
industries that are major DOD suppliers.
Section |l of this report analyzes snme of the
important characteristics of DOD procure-
ment and draws <rme important conclu-
sions about the priorities and areas of con-
centration that must be auci.ssed by any
major development program . urpetting to
have a signiticant beneficial etiect on DOD
procurement.

Section lll discusses in detail three case
studies we performed of manufacturing en-
terprises which producc discrete goods for
DOD end use, with the cunclusions we drew
from these studies.

Section IV contains explicit recommenda-
tions to ARPA for support of a major re-
search and development program in com-
puter-based manufacturing.



Il. IMPORTANT CHARACTERISTICS
OF DOD PROCUREMENT

The policies and programs under which
the Department of Defense procures manu-
factured goods are extremely complex. The
characteristics of both the manufactured
goods bought by DOD and the industries
supplying these goods differ markecly from
the characteristics of the goods and indus-
tries in the rest of the U.S. economy. We
performed a major analysis of DOD procure-
ment to prepare a firm foundation for any
estimates of potential savings resulting from
an ARPA-sponsored research and develop-
ment program in computer-based manufac-
turing systems. Most of the detailed results
of this analysis are contained in Appendix
D. This section summarizes the most impor-
tant issues raised by our analysis.

Issue 1: The purchasing power of DOD's
procurement budget is declining.

The budget of the Department oi Defense
can be considered as comprising two major
components: discretionary funds (such as
procurement|[1]) over which DOD has yearly
budgetary control, and nondiscretionary
funds (such as personnel salaries) over
which there is little immediate control. Fig-
ure 1 shows the breakdown of DOD’s bud-
get for fiscal year 1972 into these catego-

[1] The procurement appropriations of DOD finance the acqui-
siion of capital equipment, such as arcraft, missiles, smps. combat
vehicles. weapons, torpedoes., munitions, and commuprications;
major items for support of the capital equipment when it 1s in use:
the industrial facilities necessary to produce that equipment: and
major madification of equipment in inventory where modernization
an be achieved without buying new equ:pment.

ries and thei: major subcomponents.

During the past 10 years, the portion of
DOD’s b.idget allocated to procurement has
declined:

1) as a percentage of the DOD budget
(-10%);

2) as a percentage of the Federal budget
(-7.4%);

3) as a percentage of the GNP (-1.3%).

If inflationary effects are considered, the rea/
purchasing power of DODR’s procurement
budget during the last decade has declined
26%. (See Appendix D, Tables D-1 thrcugh
D-7.)

® Conclusion 1: It is vital that DOD obtain
more value per procurement dollar.

Issue 2: DOD procuremant is character-
ized by relatively small quantities of sophis-
ticated items, manufactured primarily by
batch production methods.

Figure 2 shows a breakdown of DOD pro-
curement by number of major end-items
purchased. On one hand, it understates ac-
tual production quantities of subcompo-
nents, since there is some duplication of
parts; on the other hand, the procurement
budget does not take into account the sig-
nificant DOD expenditures for research, de-
velopment. test, and evaluation (R,D,T&E)

5
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S

NONDISCRETIONARY
WY
o, S1® &

! i

Operations &

 Maintenance

Procurement

24,5%

Figure 1. DOD budget FY1972.

Source: The Budget of the U.S. Gov

in which large sums are spent on the con-
struction of prototypes in very small quanti-
ties. (Note that the data in Figure 2 ac-
counts for $9.1 billion of the FY1272 DCD
procurement budget of $19.3 billion: other
procurement expenditures in the Five-Year
Defense Program (FYDP) did not specify the
quantity of items procured.)

The low production quantities shown in
Figure 2 dictate the use of batch production

6

Total budget FY1972 = $76.7 billion.
ernment, FY 1972,

methods by most major DOD suppliers and
their subcontractors. (See Anderson|2] for a
discussion of the distinction among batch
production, mass production, and process
control manufacturing methods.)

[ 2] Robert H Anderson. Programmable Automation The Future
of Computers in Manufactunng. USC/Information Sciences Insti-
tute. ISI/RR-73-2, March 1973
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These low production quantities are not,
of course, as characteristic of goods manu-
factured for the commercial market; the
largest U.S. industry is motor vehicles and
parts ($40,824 million, 1970 value of
shipments), which mass produces and s
larger than the total of aircraft ($10,996
million), aircraft engines and engine parts

DOD procurement by number of major end-items purchased.
Source: Procurement Annex, Five Year Defense Program (FYDP).

($5,150 million), and electronic communi-
cations and avionic equipment ($9,331
million).[3]

It should be noted that the most success-
ful example of past DOD sponsorship of

[3] U.S. Bureau of the Census. Annual Survey of Manufactur-
ers 1970 industry Profiles, M70(AS;-10, 1972




. IMPORTANT CHARACTERISTICS

manufacturing technology, namely numeri-
cally-controlied machine tools[4], was aimed
explicitly at batch production techniques.

® Conclusion 2: Developmental programs
aimed at increasing the productivity of DOD
suppliers should concentrate on the batch
production manufacturir.g environment.

Issue 3: DOD procurement is heavily
concentraied in a few major industrial cate-
gories.

Table ! summarizes major DOD procure-
ments by program. (See Appendix D, Table
D-8 for a more detailed breakdown.) Aircraft
and missiles alone account for over 50% of
DOD procurement: with ships they account
for over 75% of procurement.

[4] Jack Rosenberg. A History of Numencal Control 1949
1972 The Techmcal Development. Transfer to Industry. and As-
similation, USC/Information Sciences Instityte, iISI/RR-73-3. in
progress.

The U.S. Department of Commerce ca.e-
gorizes all U.S. industry according to a sys-
tem of Standard Industrial Classification
(SIC) codes. The SIC system is used by all
Federal statistical agencies, by most state
agencies, and many private oryanizations.
The SIC is an industria! classification of the
total economy. It divides all activities into
broad industrial divisions (manufacturing,
mining, retai!, agriculture, etc.). It further
subdivides each division into industrial
groups, and finally into detailed industries.
For example, SIC code 37 comprises manu-
facturers of transportation equipment;
within that group, SIC code 3722 comprises
““establishments primarily engaged in man-
ufacturing aircraft engines, comolete missile
or space vehicle engines and/oi propulsion
units and their parts’*. Appendix B contains
the descriptions of SIC codes to a four-digit

Table 1
SUMMARY OF DOD MAJOR PROCUREMENT PROGRAMS
1971=1973
Progrom 1971 _°/_o 1972e _°/_o 1973e _‘_’/i
Aircroft 6.3 35 6.6 35 59 31
Missiles 3.3 19 3.4 18 3.7 19
Shirs 2.3 13 3.0 16 3.6 19
Other 5.9 33 5.9 31 6.1 32
Total 17.8 100 18.9 100 19.3 100

e = estimated (in $ billion)

Source: The Budget of the linited

States, 1973 Appendix, p. 296.




breakdown. Another way, then, of catege-
rizing DOD procurem~nt is by the SIC codes
of suppliers. Table 2 summarizes the data
contained in Appendix D, Tables D-9
through D-12, and shows the three most
important industrial categories to be: trans-
portation equipment (44% of DOD procure-
ment); electrical equipment (24%); and
oidnance, including missiles, (22%). The
two dominant subcategories within each
major category are also listed. Again, the
aircraft, missile, and related electronic
equipment industries predominate.

® Conclusion 3: Proposed defense produc-
tivity enhancement techniques should di-
rectly address problems in the aerospace
industries and their suppliers, with a pro-
duct mix characterized by: (1) precise, high
performance, costly materials and assembly
processes, and (2) electronic-based subsys-
tems.

Issue 4: DOD procurement is heavily
dominated by a few corporations.

Table 3 shows the top 10 DOD contrac-
tors for FY1972. The prime contracts which
they control account for 35.1% of all DOD
procurement. The top 100 contractors have
prime contracts accounting for 72.1% of
DOD procurement, and the amount of con-
tract award concentration in the top 100
contractors is increasing. (See Appendix D,
Tables D-13 through D-16.)

Again, the history of the transfer of nu-
merical control technology (see Rosenberg,
op. cit.) to industry emphasizes the unique
role DOD can play in sponsoring new man-
ufacturing technologies, due to the unusu-
ally concentrated control it has over its sup-
pliers.

Il IMPORTANT CHARACTERIS MCS

e Conclusion 4:

1) It is possible for DOD tc have a sub-
stantial amount of contractual leverage in
promoting the transfer and adoption of
new manufacturing techniques;

2) any proposed productivity enhance-
ment program should directly address the
needs of these imporiant suppliers and
their subcontractors.

Issue 5: rhe industry cost and labor
structure for major DOD suppliers is signif-
icantly different from other types of indus-
tries.

Table 4 compares the labor breakdown in
the aircraft and parts industry and the elec-
tronic equipment industry (both important
DOD suppliers) with automobile manufac-
turers[5]. It shows that the ratio of adminis-
trative, clerical, and sales[6] employees per
production worker is three times more for
aircraft and parts manufacturers than for
automobile manufacturers. (Data from an-
other source [see Appendix D, Table D-26)
shows over one-fifth of all employees in
aircraft industries to be managers, adminis-
trators, and clerical workers.)

There are certainly many complex reasons
for the variance in labor breakdown between
the aerospace and automotive industries:
the unique reporting and documentation re-
quirements of government contractors;
greater testing and inspecion requirements

[5] The data in Table 4 1s extracted from a detaled labor
input-output analysis we have performed based on data for years
1958, 1963, 1967, and 1370: additional summary data from this
analysis 1s contained in Appendix D. Tables D-17 through D-25

[6] "Administration, clencal. and sales” s a U.S. Department
of Commerce term encompassing managers. accountants. lawyers,
libranans. editors. purchasing agents. bookkeepers. estimators,
office machine operators, secretaries. shipping and recewing clerks,
stock clerks. and personnel performing sirvlar functions.
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Table 2

DOD PROCUREMENT BY SIC INDUSTRY CODE, 1970
(Top 3 SIC Codes, With Their Top 2 Subcategories)

Valuve of

(Value of

Shipments
to DOD)/

(Total Value
of Shipments

Value added—
to Skipments
to DOD)/
(Total Value
of Shipments

to DOD from
all Industries)

Shipments to DOD from
to DOD all Industries)
SIC ($ million) %

37 Transportation 43.9

e

3721 aircraft 22,
3722 a/c parts 5.
& engines

7
7

36 Llectrical Equip.

3662 radio & TV
3679 comm. equip.

3679 elecironic
components

19 Ordnar 6,066

1925 guided 2,546 9.2
missiles
1929 ammunition 2,283 8.2

Source: Department of Commerce, Annual Survey of Manufaciurers, 1970; Shipments
of Defense-Oriented Industries, Value added to DOD shipments computed
by the ratio of DOD labor inputs to total labor inputs in that particular SIC
times the value added for the ertire SIC.
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Table 3

THE TOP TEN DOD CONTRACTORS FOR FY 1972
(IN DOLLAR VOLUME OF PRIME CONTRACTS)

DOD % of
ComEanz Contracts* Total

Lockheed | 5.1
McDonnell Douglas 1.7 5.1
General Dynamics 1.3 3.9
General Electric 1.2 3.7
Boeing 1.2 3.5
American Telephone 1.1 3.4
Grumman Corporation 1.1 3.4
United Aircraft 0.9 2.9
North American Rockwell 0.7 2.1
Hughes Aircraft 0.7 2.0

Total 35.1%

*(in $ billion). These figures are rounded.

Source: "100 Companies Receiving the Largest Dollar Volume of
Prime Contract Awards", DOD (OASD) Directorate for
Information Operations.
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Table 4

COMPARATIVE LABOR BREAKDOWNS IN THE AUTOMOTIVE,
AEROSPACE, AND ELECTRONIC INDUSTRIES (1970)

% Radio & TV

% Motor % Communications
Vehicles Aircraft Equipment
& Parts & Parts & Electronics
Non-praductian
employees
- R&D and other
technical 7 19 18
- Admin., clerical,
sales 12 2 21
Totals 19% 44% 39%
Production employees
- Machining n 16 3
- Assembly 30 9 42
- All other 40 31 16
Totals 81% 56% 61%

a) Total employment in 720,200 644,900 990,200
listed industry

b) Total employment 1,793,300 1,102,800 1,683,300
created in all
industries*

Ratia of b) to a) 2.5 1.7 1.7

*Total employment created in all industries is estimated using
productivity changes and input-output data on interindustry transactions.

Source: Census of Manufacturers, U.S. Department of Commerce.

12




in aerospace work; batch production versus
mass production manufacturing methods.
The point is not that one industry is better
or worse than another, but that there are
basic differences which should be taken into
consideration.

e Conclusion 5:

1) The unicue characteristics of DOD
suppliers require a prociuctivity-oriented
development program tailored to their
needs;

2) two major high-cost areas which
should be explicitly considered are:

i) management, administrative, and
clerical functions in the aircraft indus-
tries (one-fifth of all labor in these in-
dustries) |7}, and

i) assemby in the electronic compo-
nent and :ubsystem manufacturing in-
dustries (42% of all labor in these in-
dustries).

Issue 6: The interdependencies among
the major DOD suppliers are significantly
different from other sets of industries.

The relationships among the major DOD-
related industries were derived from the in-
put-output matrix of transactions compiled
by the U.S. Department of Commerce for
the entire U.S. economy: the inverse of the
I/70 matrix was used to find the input re-
quirements of each major DOD industry
from each other major related industry. This
analysis was done for 1958, 1963, and
1966 to monitor the concentration of these
industries.

[7] The importance of the management, administrative. and
clericat function s, of course, greater than just the amount of iabor
devoted 10 this activity operational decisions made by this sector
have a great effect on the utlization of resources. level of invento-
nes, and other functinns which atfect manufacturing productivity

Il IMPORTANT CHARACTERISTICS

The results of these analyses (see Appen-
dix D, Table D-27) indicate a hiyh degree of
interdependency of the four major DOD-
related dustries (ordnance, aircraft and
parts, radio & TV equipment, and avionics).
Each industry relies upon itself and the
other three for 52%-66% of all the inputs
needed for production.

e Conclusion €:

1) A productivity improvement in one of
the major DOD-related industries can en-
hance the ultimate productivity in other
major DOD-related industries due to the
high degree of subcontracting within this
set of industries;

2) if a new technology is introduced in
one industry, it may also be necessary for
the others to adopt it (or a variation of it)
to maintain current trading patterns.

Issue 7: DOD-related industries hold rela-
tively large and expensive inventories.

The value of inventories for all manufac-
turing groups at the end of 1967 amounted
to $84.4 billion. The major DOD-related
industries (e.g., aircraft and paits, ships,
and communications equipment) are among
those with exeptionally high inventory costs;
most of these costs are "‘work in process’’
and "‘materials’’, in contrast to '‘finished
goods’"which are subject to external demand
factors.

A breakdown of the inventory on hand at
the end of 1967 by SIC code is found in
Table 5. Column 7 contains the relation
between inventories on hand and ship-
ments. The average for manufacturirg is
about 15%, but every defense-oriented in-
dustry (with the sole exception of ordnance,
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SIC 19) held a larger portion of their ship-
ments in inventory. Selected nondefense-
oriented industries {motor vehicle manufac-
turing (SIC 371) and fabricated metal pro-
ducts (SIC 34)) were used for comparison.
Motor vehicle manufacture was just over
half the average (at about 9%) while fabri-
cated metal products were slightly above
average (at 16%), but below all defense-
related SICs except 19. Aircraft’'s (SIC 372)
high ratio of inventory to sales (35%) is
more :han twice the tot'| manufacturing
Jverage.

Translating the inventory figures into po-
tential cost savings from computer-based
manufacturing systems can be done by ap-
plying a conservative 10% inventory carry-
ing cost. This cost represents the cost of
borrowing funds to finance the inventory (or
conversely, the opportunity cost of not hav-
ing to finance it), insurance, storage, theft
and breakage, and taxes. If we assume that
the ending inventory is the yearly average,
annual inventory holding costs would be
$8.4 billion a year tor all manufacturing
firms. For major DOD-related industries
alone the yearly inventory costs are about
$1 billion; the ratio of inventory to ship-
ments in tnese industries is more than twice
the average for all manufacturing. (See Ap-
pendix D, Tables D-28 and D-29.)

e Conclusion 7: Computer-based aids to
manufacturing which reduce inventories can
substantially reduce the costs of many DOD-
related products.

Issue 8: Productivity enhancement of
DOOD-related industries is significant to
U.S. competitiveness.

The U.S. experienced an unfavorable

balance of payments (trade plus capital
flow) of $9.24 billion in 1972. In spite of

o
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recent improvements, a major 1973 bal-
ance of payments deficit is still predicted by
economists. Of the total deficit, trade alone
will account for from: $4 to $5 billion.

An analysis of U.5. trade revealed that
both exports and imports of manufactured
products are very significant -- 70% and
65% of the total, respectively. However, for
the period 1965-1971, imports of manu-
factured goods increased 173% versus
78% for exports. The significance of these
differential rates of growth is that the
U.S. favorable trade position in manufac-
tured goods dropped from $6.2 billion to
zero from 1965 to 1971. In the fourth
quarter of 1971, the U.S. share of the
world’s ‘otal manufactured exports dropped
to 17.6% compared with 22.8% in the
fourth gquarter of 1968. This drop was evi-
derniced in most major categories of manu-
facturing[8].

Slower rates of productivity increase in
the U.S. compared with its major competi-
tors are one of the major causes of reduction
of U.S. international competitiveness. The
U.S. labor productivity rate of growth has
been half as much during 1965-1271 as in
1950-1965. The ratc of productivity gain
in Japan equaled six times the U.S. rate
between 1965-1971.

The trade trends from 1960 to 1972
shown in Figure 3 point to a long-term
deterioration of the U.S. trade balance. (See
Appendix D, Table D-30.) However, the
data in Figure 3 shows a favorable balance
of trade in DOD-oriented industries. On the

[8] Naks M Kamrany. "Background Data on U.S. Productvity
and Foreign Trade. submitted to the NSF Conference National
Inquiry into Productivity in the Durable Goods Industry, October
4-6. 1972 Also reprinted in the Amencan Automatic Control
Council. Automation Research Council Proceedings. Novemper 30
- December 1, 1972
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Figure 3. Trends in U.S. merchandise trade.
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other hand, mass-produced goods have los*
out to foreign competition. It is thus clear
thzi the U.S. enjoys comparative advantage
in suv:h industries as missiles (SIC 1925),
aircraft parts (SIC 3728), and most engi-
neering products (SIC 35-38), excluding
automobiles and equipment, household ap-
pliances, radio, TV, and phonographic and
sound reproduction equipmer:it. A recent
study points to a high correlation between
exports and R & D expenditures, as shown
in Table 6.

. IMPORTANT CHARACTERISTICS

However, the growth of imports of these
nroducts, more than twice as rapid as that
of exports (1960-1972), implies that even
in these industries the U.S. is losing the
advantage (see Appendix D, Table D-30).

e Conclusior. 8: Productivity enhance-
ments in DOD-related industries through R
& D are crucial to the U.S. bealance of pay-
ments.

Table 6

% of Group cof
10 Exporting
Countries-1969

Industries

Engaged in R&D
as a Percentage
of Employment

62.45
37.33

Aircraft
Office inachinery
Other mazhinery

26.30

7.68
6.66
1.06

Source: Keesing, D. B., "The Impact of Research and Development

on United States Trade", Journal of Political Economy, February 1967.




lll. HOW DISCRETE PRODUCTS
FOR DOD ARE NOW MANUFACTURED

The preceding secticn considered the
comoposition of DOD procurement as de-
picted by summary statistics gathered pri-
marily by DOD and the U.S. Department of
Commerce. Such statistical breakdowns are
useful in pinpointing general categories of
importance, such as “‘management, admin-
istrative, and clerical’’, and assembly of
electronic-based products; however, im-
provements to these categories cannot be
considered in isolation. The manufacturing
enterprise is a complex system, and the
interrelationships among the various com-
ponents must be considered in recommend-
ing significant changes to this system.

To understand the system aspects of the
batch manufacture of DOD-related products,
we inspected many different manufacturing
facilities, of these, we selected three partir-
ular facilities as representative of many of
the varied job shop environments of impor-
tance in the manufacture of DOD products.
We performed rather detailed case studies of
these three manufacturing environments,
with the active cooperation of the line man-
agers responsible for production. The facili-
ties studied are:

® TOW Missile Production at Tucson Divi-
sion, Hughes Aircraft Company, Tucson,
Arizona

® The manufacture of a simple precision
gearbox at Precision Products Division,

Preceding page blank

Western Gear Corporation, Lynwood, Cali-
fornia

® The Numerical Control Fabrication Facility
at Douglas Aircraft Company, Torrance, Cal-
ifornia

In each study, we examined a variety of
possible computer-based system innova-
tions which miqht have a significant impact
on productivity, from near-total program-
mable automation of the manufacturing
process to incremental enhancements of ex-
isting machines or control processes. Each
of these case studies is discussed below,
together with our conclusions about the po-
tential impact of advanced, computer-based
manufacturing systems on the production of
these products.

A. TOW Missile Production

CASE STUDY - Tuscon Division,
Hughes Aircraft Company

Due to the widespread use of electronic
packages in products procured by DOD, we
felt it was important to study the manufac-
ture of a product having an electronic mod-
ule. At'er examining several possibl2 candi-
dates, the Army’'s TOW (Tube-launched,
Optically-tracked, Wire-guided) missile,
manufactured by the Tuscon Division of
Hughes Aircraft Company, was picked as
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being representative of a large class of elec-
tronic-based military products.

The primary objective of this case study
was to estimate the potential for hardware
automation equipment developments which
might have a major impact on manufactur-
ing productivity for this important class of
products.

1. The Product and Its History. The Tus-
con Division considers its mission to be
“'production of advanced-technology mili-
tary guided weapons’'’. During the past two
decades, it has made over 40,000 Falcon
(air-to-air) missiles and over 30,000 TOW
missiles. In addition to the TOW, it is cur-
rently producing the Navy’'s Phoenix missile
and the Air Force s Maverick missile. At the
time this manufacturing facility was studied
in October 1971, employment was about
2,500; it has been as high as 5,800.

The first test firing of an ""advanced de-
velopment model’’ of TOW occurred in
March 1965. The product was defined in
Army-format drawings in June 1966. The
first production contract was awarded in
June 1968; first production deliveries were
ma-e in August 1969. TOWSs were in nor-
mal oroduction at Tuscon starting about
July 197C. In October 1971, they were
being produced at a rate of about 600/
month; recently, the rate has been 1,500/
month.

Some relevant data concerning TOW pro-
duction:

® The Tuscon plant is "GOCO'* -- Govern-
ment Owned Contractor Operated. There are
about one million square feet of plant space
on four square miles. An informal estimate
of the replacement cost of the plant and
tools is $200 million. About 40% of the
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facility is devoted to TOW manufacture.
About 60% of the equipment in the facility
is Government-owned, the remaining 40%
is Hughes-owned.

e Engineering changes are a significant
item. During the production engineering
phase (1966-1968), about 34 engineering
change analyses were made each month;
each analysis defines a real problem and its
engineering solution and cost. It may affect
several different production drawings. By
the end of 1971, after about 18 months of
normal production, there were stiil about 15
analyses/month performed, and these re-
sulted in about 8 formal engineering change
prorosals per month -- requiring the ap-
proval of the Army Contracting Officer, be-
cause the change would affect the form, fit,
function, or contract price of the product.

e Rework costs can be significant. The
most common cause is failure of electronic
components, especially during vibration
iests. The failure rate of the TOW electronic
package during production is between 3%-
10%. (Only packages that eventually pass
all tests, of course, are assembled into the
missile. After passing all such tests, the
reliability of the TOW end-product has been
notable.) Cn a much more sophisticated
missile such as Phoenix, about 30% of the
labor is involved in rework during early pro-
duction phases.

® In October 1971, at a production rate of
about 600/month, the unit price of a TOW
missile was above $3,500. This was on a
one-year contract. Currcitly, Hughes has a
four-year guaranteed procurement contract;
at the current production rate of 1,500/
month, the average unit price (including
G&A and profit) is about $2,200. Major




sources of these savings have been signifi-
cantly lower negotiated prices from suppli-
ers, due to the four-year procurement po-
tential, and a number of Cost Reduction
Proposals (CRPs) submitted by Hughes to
change manufacturing methods (most often
involving increased use of hard tooling).

2. Analysis of the Product. Because of the
importance to DOD of the type of manufac-
turing operations involved in TOW produc-
tion, we cornmissioned two studies of the
product from SpectraVision, Inc., Santa
Monica, California, a consulting firm spe-
cializing in advanced automation technology
analysis. The studies were:

1) a detailed analysis of the assembly of
the electronic unit in the forward section,
and of the mechanical assembly opera-
tions required in the aft section of the
missile; (these operations account for
about one-third of the total assembly op-
erations);

2) an estimate of the impact that total,
flexihle, computer-based automation
would have on TOW production, if such
automation were indeed technologically
feasible.

The results of the first analysis are only
summarized here, due to their proprietary
nature. (Hughes must bid competitively for
TOW contract awards.) They show approxi-
mately:

® 3 man-hours of electronic assembly (for-
ward section), a.id

® 3/4 man-hour of mechanical assembly
(aft section) per missile. (See illustrations of
TOW missile components in Figure 4.) On
this basis, we calculate about 12 man-hours
of assembly op-rations per missile within
the Hughes facility. At $12.50/hour, this

. HOW DISCRETE PRODUCTS
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accounts for about $150 of the production
price, or about 22% of the value added by
Hughes at the cu'rent price and production
rate.

The second study performed by Spectra-
Vision assumes nearly total, but flexible,
computer-based automation of TOW manu-
facture. It assumes the concept (see Ander-
son, op. cit.) of a palletized, random access
conveying sys‘em serving work stations,
including programmable assembly ma-
chines:

The “'plant tloor’” might consist of a num-
ber of work staiions, distributed in a con-
venient manner (perhaps grouped accord-
ing to function -- part forming and ma-
chining, assembly, inspection, storage --
for ease of maintenance, cleanliness re-
quirements, etc.). Each work station per-
forms a manufacturing operation under
direct computer ntrol, and is serviced
by a computer-controlled “‘random-ac-
cess’’ conveying mechanism. The inter-
face between the conveying system
(which would have limited degrees of
freedom and coarse positional accuracy)
an1 a work station (perhaps requiring
rather precise orientation and positioning
of tools and in-process materials) might
well be handled by an industrial robot
with some limited sensory feedback capa-
bilities. One robot would normally provide
the 1/0 interface for a group of several
work stations, since the processing time
at a work station tends to be long relative
to the 170 time.

The detailed assumptions upon which the
analysis is based, and the results of that
study are contained in Appendix E. in sum-
mary, the principal assumptions made are:
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Figure 4. TOW missile components
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® a production rate of 600 missiles/
month;

e manufacturing and assembly process
steps and sequence very nearly the same
as those performed manually at present;

® separate machines for board stuffing,
wire wrapping, coil winding, environ-
mental testing, etc.;

® one programmable assembly machine
capable of performing essentially all me-
chanical assemblies and most of the elec-
trical and mechanical testing;

® a 20-man programmer/planning staff; a
13-man maintenance and repair crew,
plus managers, secretaries, purchasing
agents, source inspectors, etc.;

and the principal results reported are:

® a total of only $300 in costs added per
missile by the Hughes facility (assuming
60% Government ownership of tools, as
is currently the case);

® a total of only $11+ million for capital
investment (excluding R & D) for such a
plant;

® 51% spare capacity potentially utilizable

for other production purposes.

Programmable assembly machines of the
type hypothesized do not exist today, nor
does a palletized conveying system that
could handle the shapes and sizes of the
thousands of different parts and subassem-
blies during the manufacturing process.

The degree to which such an automatic
factory is capable of reducing total manu-
facturing costs is significantly affected by
the fraction of the total cost that is pur-
chased parts, subassemblies, and subcon-
tracts. Cost reduction is alsc a function of
the degree of automation that vendors and
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subcontractors empioy. In the TOW study
(600/month rate), with nonautomated ven-
dors who presently receive 57% of the total
cost the reduction in value added (by
Hughes) was to about one-fifth of the former
value, whereas the reduction in tota/ manu-
facturing cost was estimated at 34%. As-
suming that all subassembly vendors (e.g.,
suppliers of gyros, batteries, actuators, etc.
-- but not basic materials suppliers) were
automated, an estimated total manufactur-
ing cost improvement of 57% would be
provided.

3. Conclusions - TOW Missile Produc-
tion. Based on our analysis of TOW and
other electromechanical DOD procurement
items, we made the following general obser-
vations:

® The continuing revolution in electronics
(LSI, thin films, electron-beam etching, etc.)
will not eliminate the assembly task in elec-
tronic packages. DOD's appetite for elec-
tronics seems 0 be constant volume, not
constant function. When the space behind
the warhead of a missile can hold an array
computer, it probably will. The fact that a
single chip will perform the functions of an
entire circuit board will only lead to more
complex designs involving many such
chips. The space is there, and the increased
functions can usually be justified.

® The electronics revolution does not have
a rapid effect on the production of military
weapons systems. The design of the TOW,
for example, was basically frozen in 1965,
when the first prototype flew. Successful
designs, having undergone elaborate testing
and validation, are not usually changed in
such fundamenrtal ways as revamping the
electronics based on next-generation possi-
bilities. The discrete component circuit




boards in the TOW will be around in it and
in similar products for many more years.

® Many of the subassembly tasks involved
in the electronic and “‘light source’’ units
seem potentially automatable, and they
seem to absorb a disproportionate amount of
assembly labor at present (about one-third
of total assembly labor). The assembly oper-
ations required for such subassemblies are
the most promising we have seen for the
initial application of programmable assem-
bly machine techniques.

B. Western Gear Corporation

CASE STUDY - Manufacturing
Department, Piacision Products
Division, Lynwood, California

Western Gear Corporation is the largest
independent manufacturer on the West
Coast of such precision mechanical products
as gearboxes and actuators. Almost every
DOD prime contractor manufacturing air-
craft, ships, or missiles subcontracts to
Western Gear.

The Precision Products Division at Tor-
rance, California, is an excellent example of
a job shop; at any specific time, a.oout
3,000 diverse Manufacturing Orders (MOs)
are in process. Our case study focused on
two aspects of manufacturing at Western
Gear:

e the detailed processes involved in their
manufacture of one specific gearbox;

e the system by which a manager allocates
and controls manufacturing resources and
jobs in this complex job shop environment.

1. The Product and Its History. We asked
the Manufacturing Manager to select the
simplest gearbox they make for DOD end
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use. We requested and received access to
information on the scheduling, fabrication,
assembly, and support services necessary to
manufacture this box.

The gearbox chosen by Western Gear is
shown in Figure 5; four of them are used by
Lockheed in each C-150 aircraft. Lock-
heed first ordered this box in 1957, at
which time Western Gear received a con-
tract to build and test a small number of
boxes for compliance with rigid nulitary
specifications. The design and processes
met the specifications and the product was
fully qualified. Since then, Western Gear
has received a repeat order for this item
about once per year. Typical cycle time from
receipt of a purchase order until completion
of shipmentis 12 to 15 months. In August
1971, Lockheed placed an order for 150
boxes at a unit price of about $2,000 with
a requested delivery rate of about 10 per
month. This low rate would have been too
costly, so Western Gear scheduled the order
as follows:

e Materials were purchased for one lot of
150 boxes, with allowances for shrinkage
based on the long history. (This long his-
tory is a useful but unusual situation.)

e Fabrication operations which required a ~
long setup time, such as metal cutting,
heat treating, and plating, were handled
as a single batch of 150.

e Operations such as deburring, assembly,
testing, painting, labeling, and inspec-
tion, were performed in batches of about
50 during each of three consecutive
months.

During October 1972, 54 boxes were
completed and shipped, bringing the deliv-
ered total to 103. The remaining 47 units
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Figure 5. Gearbox manufactured by Western Gear Corporation

for lLockheed C-130 aircraft.

were assembled and shipped in November
1972.

3 Components Each box contains the fol-
lowing 12 major components, each of which
is fabricated by Western Gear from materials
purchased outside:
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QUANTITY PART DESCE.IPTION

Housing - Main
Cover - Housing
Retainer - Bearing
Shaft - Input
Liner - Bearing
Sleeve - Bearing
Gear - Bevel
Adapter - Bearing
Gear - Output
Gear - Intermediate Spur
Spacer - Bearing

_ e e e e = N = =

There are also 96 minor components, for a
total of 108. Eleven of those 96 are fabri-
cated by Western Gear; 85 are purchased
outside already fabricated. We performed




our operation and cost analysis on the 12
major components, based on the Manufac-
turing Order for each part. (An MO is pre-
pared by the Production Control section of
Material Control as the authorization and
complete bible for the manufacture of each
part made internally by Western Gear: see
Section I11.B.2 below for a discussion of the
organization of the Manufacturing Depart-
ment. A sample MO for the main housing of
this gearbox, the £ngineering Parts List, and
the final Assembly Inspection Record form
are contained in Appendix F.)

b Manufacturing Operations All the opera-
tions indicated on the 11 MOs are per-
formed in a total of 17 different shop de-
partments. About 26 man-hours of direct
labor are required per gearbox, of which
about 75% is involved in direct operations,
and 25% is involved in setup. The percent-
age breakdown of direct operation labor
cost, by department, is shown in Table 7.

The percentage breakdown of setup labor
cost, by department, is shown in Table 8.

c. Observations and Conclusions. Perhaps
the most significant statistic concerning the
production of this simple gearbox is that
258 mover ents of parts between different
locations are required. (Since completion
and shipment took place during 3 months
as three batches, somewhat more than 258
moves were actually made.) Clearly, in a job
shop environment, the control of in-process
parts, tooling, and materials is a major con-
sideration.

We inspected all of the departments in-
volved in the above manufacturing steps,
and discussed the operation with the Manu-
facturing Manager. The following are some
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of our major observations and the conclu-
sions we have drawn:

® The relative manpower strengths in the
shop departments are similar to the cost
ratios we derived for the particular gearbox
we studied; as the loading in departments
varies with the mix of orders, management
transfers men from a low to a high demand
function. They select and train men to pro-
vide this flexibility. The operation in which
our box was least representative of average
products was final assembly. Most gear-
boxes contain five or ten times as many
parts, which increases the demands on the
assembler for dexterity, precision, and judg-
ment. He is called on to use additional
skills, not the same skiils more often.

® There are so many uncontrollable and
poorly predictable variables in the physical
properties of metals that few gearboxes
would meet the stringent DOD specifications
without the continuous us2 of ingenuity by
operators to beat the odds. When part fabri-
cation operations have been automated
(e.g.. with numerically-controlled machine
tools), the cost of the machines easily justi-
fies the relatively small additional expense
of a human operator to monitor the ma-
chine’s performance; his reaction to mal-
functions detected by subtle patterns of
sight, sound, smell, and touch sensations
can save tens of thousands of dollars and
weeks of downtime.

®Conclusion: Significant reductions in dj-
rect labor through automation are ex-
tremely unlikely in the manufacture of
this and similar precise mechanical pro-
ducts manufactured to existing DOD
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Table 7

DIRECT OPERATIONS LABOR BREAKDOWN,
C-130 GEARBOX

Department % of Total Direct # of Distinct
Involved Operation Labor Operations
Inspection 19 50
Small gear cutting 15 10
Grinding 14 44
Turning (rough) 13 19
(De)burring 10 17
N/C machining 7 9
Large bevel gear cutting 5.7 5
Heat ‘*reating 99 35
Assembly 4.6 4
Turning (fine) 4 11
Spindle drilling 1 4
Sawing 1 8
Milling 0.2 1
Totols 100.0% 217
specifications. The only hope for cost re-
duction through automation of existing
manual operations for these products
would seem to be a radically new design
Table 8 philosophy allowing very reliable, accu-
% of Total Direct rate products (such as airplanes and mis-
Department Setup Labor siles) to be made from components whose
specifications have considerable latitude:
:;ileat et 31 such a development is highly unlikely.
S;x;:g 22 ® An operator can usually meet or ciceed
Turning (rough) 6 the time standards for the setup and per-
Total ofher‘[9] 14 formance of each process if the material,

100%

[9] Casting stores (3%). gnnding (2%): stores (2%). N/C
machining (1 9%); turming - fine (1 7%): small gear cutting
(1 6%). large bevel gear cutting (O 7%): inspection (0 6%): spin-
dle driling (O 3%). miling (0 2%)
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tools, information, equipment, and condi-
tions are on time and correct. It is not now
possible for management to control all these
factors and meet these criteria in at least
half the cases; nearly all significant devia-
tions from time standards can be traced to
these causes.




eConclusion: The management and con-
trol of resources in a job shop environ-
ment is currently a major source of inef-
ficiency; the investigation of computer-
based rea! time production control sys-
tems to aid in the management of these
resources in a job shop environment
must have high priority.
® During January 1973, at the time this
study was performed, the Manufacturing
Department had about 500 employees, and
monthly billings were about $2,000,000.
The overhead rate charged was 180%; of
this, about 80% represented rent and other
occupancy factors, fringe benefits, and
equipment depreciation. The remaining
100% represented management and sup-
port services, i.e., people. For each man
performing a direct operation there was
another person trying to keep him usefully
employed.

eConclusion: This case study again illus-
trates that overhead services for DOD-
related manufacturing industries are a
major cost factor. (We derived the same
conclusion from the comparative statistics
for “"administrative, clerical, and sales’’
labor in Section Il.) We again conclude
that computer-based management and
engineering aids to increase the produc-
tivity and efficiency of indirect labor are of
great potential importance.

2. Manufacturing Production Control.
Due to the importance of production control
in a job shop, we studied the systems and
procedures by which such control is cur-
rently exercised. Before analyzing produc-
tion control, however, it is important to
understand the interrelationships among the
Manufacturing Department and the other
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departments of the Precision Products Divi-
sion; the information flow within the Divi-
sion is the source of the data used by Pro-
duction Control.

a Information Flow Within the Division.
When a customer (in the case of the gear-
box, Lockheed) issues a purchase order to
Western Gear, it is sent to the Sales Depart-
ment. This department generates and dis-
tributes a Sales Order to Accounting, Engi-
neering, Quality Cortrol, and Manufactur-
ing. The first time a product is ordered,
Engineering prepares an Engineering Re-
lease, containing a Parts List (Bill of Materi-
als), Prints (which include purchase speci-
fications and inspection criteria), and As-
sembly Drawings. The Sales Order and En-
gineering Release are directed to Ma*>rial
Control and Industrial Engineering in the
Manufacturing Department. Industrial Engi-
neering does the planning and transmits the
results to Material Control. The planning
output contains material requisitions which
go to Purchasing (under Material Control)
for outside procurement. Planning also is-
sues a list of fabrication and inspection
steps for each part on the Parts List, tools
and fixtures required at each step, and time
standards for the setup and operation of
each process.

The latter documents are sent to the Pro-
duction Control se~tion of Material Control.
Production Control prepares, for each part
that will be internally manufactured, a de-
tailed MO form which is, as mentioned in
Section III.B.1.a above, the authorization
and complete instructions for the manufac-
ture of the part. The MOs go to the Shop
Superintendent, who implements and con-
trols the manufacture of the component
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parts, the final assembly, and final tesis
according to the MO plan.

Our analysis concentrated on the func-
tions performed by Production Control, and
how the services of the Corporate Computer
Center were used by the Manufacturing De-
partment.

b. The SCOPE Production Control System.
The only use of corporate computers by the
Manufacturing Department is a package
called SCOPE (Scheduling by Computer and
Overall Production Evaluation). It was devel-
oped by the Western Gear Corporation cor-
porate computer center for use by Produc-
tion Control.

SCOPE, like many other production con-
trol systems we have seen, is a batch sys-
tem useful only for rough job scheduling
and monitoring. The major input is an MO
and its scheduled completion date, both
prepared manually by Production Control.
Its major outputs are:

e shop dispatch cards, one for each opera-
tion scheduleo;

e semiweekly reports for Production Con-
trol, Accounting, the Manufacturing Man-
ager, and several managers reporting to
him.

Reporting of work accomplished is man-
ual. Conflicts for resources and other prob-
lems which produce deviations from sched-
uled completion dates must be resolved
manually. No useful exception reports are
available.

Our analysis of the use of the SCOPE
system produced the following observations:

e The Manufacturing Manager is charged
$15,000 per month for the service; for
that, he receives a pile of ""tab runs”
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twice a week. The information is too volu-
minous to be used effectively.

e The Manufacturing Manager has come
to believe that it is difficult to make small
changes to the existing system to improve
its accuracy or functional capability.

e The Manufacturing Department is re-
quired by corporate policy to purchase all
programming and processing services
from the computer center, and is not per-
mitted to seek alternatives outside the
company.

e The job shop environment is extremely
dynamic; priorities change on a daily --
sometimes hourly -- basis. Management
decisions are continually required, often
based on data that is not available in any
formal informat.on system.

e Control of resources on an hourly basis is
currently performed manually. Each
morning the Manufacturing Manager pre-
pares a new list of critical jobs and ques-
tions. From 7:00 A.M. to 8:30 A.M. he
meets ‘with key members of his staff to
request the accurate current status of the
jobs -- what has been completed, what is
in process, what problems prevent the
schedules from being met, and where ev-
ery critical part is located. His subordi-
nates are instructed to gather information
by personally touring the shops, not just
relying on the computer listings. As the
reports are preserited to him, the manager
manually determines job priorities and
gives orders for the rescheduling of per-
sonnel and equipment to overcome the
critical problems. The manager spends
the rest of each day following the pro-
gress of these items, trying to anticipate
what future bottlenecks he created with




that day’'s decisions, and preparing in-
structions for the night shifts to correct
deviations from his morning plans that
occurred during the day due to unpredict-
able variables.

Conclusion: There is a requirement for
real time industrial information and
control systems that:

® are timely, accurate, and reliable;
¢ are flexible and modifiable;

¢ interface directly to managers having
the responsibility for control;

® aid managers in predicting the conse-
quences of actions and decisions.

To meet these requirements, a level of
sophistication is required in real time,
interactive software systems that is not
currently available in an industrial en-
vironment.

C. Douglas Aircraft Company

CASE STUDY - N/C Fabrication
Department, Torrance, California

1. Company and Department Products.
The McDonnell-Douglas Aircraft Corporation
builds commercial and military aircraft, mis-
sile, and space systems. The Douglas Air-
craft Division manufactures commercial air-
craft and components, and subsystems for
similar military products. Although no sys-
tem can be completed unless all its compo-
nents have been assembled, the structural
members are considered the most critical
components. The N/C Fabrication Depart-
ment in the Torrance, California, plant man-
ufactures all the large and many small
structural components for the DC-8, DC-9,
and DC-10 commercial transports, and
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many major parts of the F-4A, F-15, and
missile systems assembled in the McDon-
nell-St. Louis facility.

About 700 different types of parts are
machined, finished, and inspected in this
department. The sizes range up to dog-leg
wing spars 30 feet long, and banjo fittings
16 feet long and 10 feet wide for the tail
engine of the DC-10, both milled from alu-
minum forgings. (See Figure 6.) There are
many small parts about the size of an office
desk cut from forgings of high-tensile steel
or titanium. A very few machine tool sta-
tions are dedicated to a single type of part
-- one that requires a large number of ma-
chining hours. Most stations manufacture a
variety of parts on a batch basis; the depart-
ment is therefore operated as a large joh
shop.

The schedule for the final assembly of
complete aircraft in Long Beach or St. Louis
from complete ship sets of components con-
trols all decisions in the N/C Fabrication
Department. It is unforgivable for a $25
million DC-10 to sit unfinished because a
part was not present at the final assembly
location on time. Most of the nonstructural
parts can be obtained from more than one
source, but for most of the parts made by
the N/C shop it is the only possible source.
As a result, the eyes of the corporation are
always focused on this Department, and an
interruption in its output is not tolerated.
Therefore, we were very interested in ana-
lyzing the procedures by which production
control was managed, and the potentials of
computer-based manufacturing systems for
increasing productivity.

2. Resources of the Department. Nearly
all structural parts of air and space vehicles
are warped three-dimensicnal surfaces with

31




. HOW DISCRETE PRODUCTS

{ g Aviraft Dty

Figure 6.

no symmetry about any axis or plane. To
machine accurately these contoured shapes
from high-tensile metal with the fewest
number of fixtures and machine setups re-
quires large, rigid five-axis milling machines
called profilers. At the present time, Tor-
rance is the world’'s largest five-axis N/C
facility. About 80 N/C tools costing over
$30,000,000 are installed in a special
building; over 30 of these systems have
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Machined "Banjo Fitting" for DC-10 aircraft.

four or five axes of motion. It is the most
impressive single N/C facility we have ever
seen.

Resources controlled directly by the man-
ager are about 300 personnel (machine op-
erators and their chain of supervicion), 80
N/C machines, and a smaller number of
manually-operated machines. These re-
sources cost Douglas $4,000 per hour of
operation. There are many service groups




whose function is, in part, supporting the
N/C Fabrication Department. Some of these
are:

N/C Programming

Tooling

Maintenance

Planning

Production Control
Manufacturing Engineering
Industrial Engineering
Transportation

Purchasing

Quality Control

With a burden of 280%, about 600 people
are required in other departments to support
the 200 people in N/C Fabrication.

3. How the Manager Controls His Re-
sources.

a Historical Background Prior to 1969, this
N/C fabrication department had achieved a
machine utilization rate of about 25%, a
little above the average of the industry.
Among the causes for this seemingly low
rate were: lack of cutters, fixtures, tapes,
materials, operators; machine tool malfunc-
tion, lack of maintenance personnel or spare
parts; an operator could lack certain instruc-
tions, or receive incorrect instructions that
produced a rejected part, so that the cycle
was delayed until a new forging could be
made; transportation could be late deliver-
ing support items because of improper pri-
orities; the necessary part or fixture was lost
somewhere i the plant and no one could
find it.

In 1969 this shop began to manufacture
parts for the DC-10 transports, and the
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Long Beach plant began to assemble them.
The product required a very large invest-
ment (over $500,000,000) and involved
very high risk. To recover its investment,
the comr pany would have to sell over 200
units at a price competitive with the pro-
ducts of its two rivals, and have io learn to
manufacture them at a cost low enough to
obtain the recovery. To assure the on-time
flow of inspection-approved, difficult-to-
make, vital structural parts to the assemily
line, the N/C manager analyzed past prob-
lems and decided it was necessary to obtain
better control over certain operations and
personnel.

Therefore, the manager asked his nvan-
agement for authority to invite computer
vendors to submit proposals for a real time
data acquisition and display system which
wouid meet his functional specifications;
that request was denied. The Douglas Com-
puter Center offered a large estimate (about
$1,000,000) but no performance guaran-
tee. The N/C Manager would not fund such
an offer.

b. The Existing System As a result of the
factors summarized above, a totally manual
real time information system was imple-
mented by the manager of the N/C fabrica-
tion facility. The goal of the system is ¢~
enable the manager to:

1) meet delivery schedules;
2) achieve fairly level machine loading;

3) obtain graphic real time display of
work status;

4) perform rescheduling in case of part
shortages or machine tool breakdown:

5) facilitate the flow of information from
personnel at the shop floor, storage area,
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or maintenance to the control room and
back;

6) alert personnel to exceptions requiring
action.

The system was implemented in 6
months. It employs people as data gather-
ers, analyzers, and reporters. Using this
manual system, the total utilization rate has
been raised to 57%. more than double the
original figure. The investment in hardware
was under $10,000, mostly for telephones.

No facility is built into the system to pro-
duce optimal schedules, loading, or lot
sizes. Figure 7 contains a diagram of the
information flow:

|. Master Schedules detailing aircraft de-
livery dates are developed in Long Beach.

Il. Manufacturing Plans developed by en-
gineers detail the fabrication operations
required for each ship set.

ll. Schedulers “‘explodv’ | and Il manu-
ally and apply individua! operations to
machine tools using bar charts.

IV. Schedules for each machine tool are
typed. These schedules are split into three
categories which are on individual pieces
of paper to allow for separate handling.
The categories are:

a. past due

b. current

c. future

V. Schedules are posted in the control
room on a weekly basis. This is the nerve
center of the entire N/C fabrication facil-
ity. On the walls of the control center are
the following major displays:

1) End-item completion sctiedule. This
shows the due date (from 1) of each
major item by quantity within week.
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When a lot is completed that week it is
taped over in red. A bar slides over the
schedule and is moved each week. Un-
taped items to the left of the bar are
past due, taped items to the right rep-
resent future work completed.

2) Schedules for each machine tool
(from 1V) are posted. Each column rep-
resents a machine tool, the three rows:
past due, current, future. Past due
schedules are printed on colored paper.
Summaries (total hours) are written in
grease pen under each schedule sheet.

3) Performance history is posted on
graphs, e.g., past due hours and
scheduled hours per week.

4) Status of constraints, i.e., tool or-
ders, material, N/C tape availability, is
maintained in a "'visirecurd '-type file.

5) Machine tool status displays what
work is currently scheduled on the ma-
chine, is the machine tool down, and if
so, when will it be up, is material avail-
able, etc.

VI. Material orders, receipts come into the
control room to allow dispatching.

VII. The work is dispatched to the shop
floor via telephone and telewriter.

VIIl. Machine tool breakdowns, material
shortages and job completions come back
to the contrcl room by telephone.

IX. Maintenance is called.

X. Maintenance is completed or estimated
completion is phoned back.

Figure 8 shows some of the wall displays in
the management control center. This system
effectively portrays a massive amount of
information in summary form. Because the
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Figure 7. Information flow at
Management Control System.

number of relationships between the data is
huge, little attempt at dynamic preplanning
can occur. As a result, “‘crises’’ occur regu-
larly. The occurrence of crises necessitates a
daily meeting of the manager with shop
personnel during which additional informa-
tion is interchanged and solution strategies
are developed.

In 1972, a series of discuscions were held
between the N/C Fabrication Manager and

MATERIAL

\
MACHINE SHOP
FLOOR

Douglas Aircraft Manual N/.Z

representatives of the Computer Center, to
consider the comiputerization of this manual
system. At the time of our initial visit in
October 1972, iiie manager had just re-
ceived an estimate of $500,000 (no per-
formance guaranteed). He decided it would
not give him the ability to increase his pro-
ductivity, and terminated the negotiations.
He has made changes in the system since
1969 because his original specifications
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were not precisely those he found he
needed. Recently changes have been infre-
quent. The latest change took his people 15
minutes to implement.

The manual data center has made it more
efficient for the manager to make and im-
plement some decisions, but it supports
only a part of his responsibilities. He still
spends the first two hours every day meet-
ing with his staff, reviewing the status of
critical jobs from a checklist. The rest of the
day he and his staff physically track down
the location and condition ot parts and sup-
plies, give orders to move them, and in-
struct operators to change the prionty of
their efforts.

The manager has seen other computer-
based production information systems, such
as the Rohr N/C Status Display System, and
has concluded it is not suitable for him to
make real time control decisions. During our
visit to Rohr in March 1973, we carefully
compared the Rohr system to the Douglas
“'system’’ and reached the same conclusion.
With the cooperation of the Douglas N/C
manager, we prepared a documentary film
showing the products and resources of the
N/C Fabrication Department, and how he
employs the Management Center to contrcl
his resources.

Due to the seeming importance of flexible,
interactive software systems in this environ-
ment, we held a number of discussions with
the N/C manager to determine the com-
plexity of the information network that
would be required in an effective informa-
tion system. Appendix G contains a list of
420 vocabulary words which are relevant,
culled from several diverse software pack-
ages currently existing within Douglas.
From these discussions, we estimate that
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perhaps an additional 500 words would be
required in a useful system capable of com-
municating directly with a manager in a
terminology familiar to nim.

¢ Conclusions - Douglas N/C Fabrication
Our analysis of this facility has supported
the conclusions reached in our study of pro-
duction at Western Gear Corporation. real
time software systems currently available as
managem :nt aids for job shop environments
are too costly, too inflexible, and do not
sup,.ort the important managerial function
of predicting consequences of incremental
changes to existing schedules. An entirely
new level of software sophistization, at a
reasonable cost, is required. Increased pro-
ductivity is possible through much more
efficient utilization of resources, if truly ef-
fective job shop production control systems
are developed. Our initial studies show the
information environment in job shop manu-
tacturing process control is sufficiently finite
to permit development of the needed sys-
tems using the latest state of the art soft-
ware techniques.

D. Conclusions

1. Management of Manufacturing. The
major conclusion we reached, 3s a result of
the case studies described abo /e, is that the
single development that can have the great-
est impact on manufacturing productivity in
DOD-related industries is a system that
serves the manufacturing manager -- that
helps him and his subordinates do their job
better. This conclusion results from our ob-
servation that, in the case, ~e have studied:

® manager: are intelligent, decisive indi-
viduals, whose chief responsibility is to
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control their resources; their most impor-
tant resource is the people they control;

® managers are now required to make
decisions based on data which is some-
times wrong, too old, too voluminous, yet
incomplete, and presented in a form that
does not aid the decision-making process;
the resulting inefficiencies are the major
problem in batch manufacturing.

In short, managers of major manufacturing
operations are not obstacles to progress;
they are worth supporting with a major sys-
tem design and implementation effort tai-
lored to increasing their effectiveness in
controlling their resources.

There are major consequences resulting
from the explicit decision that a system will
serve[10]| a manager:

® the system (and its designers) must ac-
cept the manager’s assessmen: of what's
important -- his set of priorities;

¢ it must help the manager gain an accu-
rate, useful conception of the status of his
processes and resources;

® the system must provide a useful inter-
face to, and communication among, each
of three classes of users:

1) the manufacturing manager;

1) his subordinates (and their subordi-
nates, etc., down to the operators of
machines and other persons performing
specific manufacturing tasks);

ii) the manufacturing tools and re-
sources that are under direct process

control;
I? )] We emphasize the distinction betwes servinig winch
implies a commitment 10 understand needs and be responsive
them untl they are met. and proy G « service. which has the
imphcation,  there ity take it or leave ot
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® the system must take into explicit ac-
count the characteristics of (human)
users:

1) they make occasional errors and
need to correct them;

i) they need service provided in terms
they understand; there is an applica-
tion-dependent vocabulary that must
be understood;

) the user must feel confident he un-
derstands the system’s behavior and
the results it provides; these results
must be consonant with his intuitive
understanding of the operation of his
facility; as a consequence, there must
be an evolutionary change from old
methods of operation to revised ones.
There is therefore a requirement that
the user be able to modify and enhance
the system to guide this evolution.
(Some system enhancements will of
course be provided from external
sources, e.g., programmers; however,
the testing and evaluation of these
modules and their eventual integration
into the operational system must re-
main under the user’s control.);

iv) the user will be willing to undergo
training in the use of the system if he
believes its service to him justifies the
training; however, training should nei-
ther be excessive, nor assume the
"‘computer programming’’ paradigm,;

® the system must complement the user’'s
abilities, i.e., provide capabilities that the
user lacks:

1) storage and analysis of significant
amounts of data, and selective retrieval
from that collection of data;




i) continuous, real time surveillance
for excepticnal conditions, and alerting
of the appropriate parties;

i) formal decision-making, schedul-
ing, anG optimization involving many
known or estimated parameters;

iv) modeling cf complex systems to
derive consequences of potential events
and activities;

e the system must be capable of being
integrated quickly into an existing facility
without major disruption;

® the system must be highly reliable.

The above system characteristics are
stated in a very general manner. The follow-
ing problems are specific examples of the
environment in which we find managers
currently making decisions and needing as-
sistance:

Problem: A shipment is late or the customer
requests early delivery; should he commit to
a new date?

Q: What is the current production status
of the order?

Q: What is the load in the plant?

Q: What resources and other commit-
ments would rescheduling affect?

Problem: The actual loads on the profile
mills are exceeding the forecast by 20%.
Why? Will the trend continue? Will it be
critical? How can the situation be alleviated?

Q: What parts are on the mill?
Q: Are schedules being met?

Q: Are standard times being exceeded? If
so, why?
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Q: Was the machine down? Why? Tool-
ing or material not available? Equipment
failure?

Problem: The stretch press has required un-
usually high maintenance lately.

Q: Will this hurt current or future sched-
ule compliance?

Q: Has the equipment been adequately
maintained?

Q: Are the parts defective?
Q: Is the work being performed beyond
the equipment’s capabilities?
Problem: An overload is predicted in heat
treatment three months from now.
Q: WIill this cause a bottleneck?
Q: Should we reschedule?
Q: Can some parts be jobbed out?
Q: What parts should he schedule over-
time?
Q: Should heat treatment be expanded?

Problem: Materials are consistently late to
one of the work centers.

Q: What is happening at preceding work
centers?

Q: Are move times too short for these
items?

Q: Is transportation not doing its job?

Why?

Note that we don’t expect a system to be
capable of interpreting and responding to
qrestions posed exactly as shown above.
Hcwever, this is the type of question to
which answers must be found. The system
should be useful to the maximum extent
possible in formulating those answers.

Many »f the above questions can be an-
swered by rather straightforward querying
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of a data base. However, the most persistent
type of question which must be answered --
and the type of question which cannot be
answered easily by traditional data base
retrieval systems -- is "What if...?"*. What
if machine No. 26 is down for maintenance
for 4 days? What if supplier B is 2 weeks
late in delivery? What is the resultant effect
on this job? If some rescheduling is done,
what are the effects on other jobs and
schedules? What, ultimately, is the effect vn
profits from monthly billings?

(In formal management sciences, based
on mathematical programming, the above
type of question is handled by ‘sensitivity
analysis’” -- how sensitive are certain pa-
rameters to changes in other ones? A sec-
ond way of appioaching this type of ques-
tion is modeling and simulation. An impor-
tant research question is the extent to which
each of these techniques can be used, either
separately or cooperatively, to provide sig-
nificant, real time, daily assistance directly
to the manufacturing manager of a major
batch production facility.)

Section IV of this repcrt contains our rec-
ommendations for the development of a
Manufacturing Process Control system, in-
cluding functional specifications and pro-
posed system architecture. This proposed
system is a direct result of our conclusion
that more effective management and control
of batch manufacturing is the greatest po-
tential area of productivity improvement.

2. Automation Technologies. The classi-
cal definrtion of productivity is output per
man. The classical means of increasing pro-
ductivity is automation -- replacing men by
machines. During our case studies, we
studied the potential benefits to be derived
from R & D programs in computer-based
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automation technologies, ranging from a
programmable factory (see Section Ill.A and
Anderson, op. cit.) to incremental enhance-
ments to existing numerically-controlled
machine tools.

The potential seems great; as suggested
by Sectio” Il, manufacturing of DOD-pro-
cured items is largely by batch production
methods; oatch production requires flexibil-
ity in the use of resources; computers can
bring programmability and flexibility to the
control of automated manufacturing re-
sources.

Specifically, in our analyses of TOW,
Western Gear, Douglas N/C Fabrication,
and other facilities, we considered the cur-
rent state of the art and the potential for
developments in the following areas:

Self-test for machines
Programmable setup for machine tools
Sensory output from machine tools
Adaptive feedback for machine tools
Tool-point sensing for machine tools
Numerically controlling other tools
Programmable assembly machine
Random access conveyor
Automated storage

Programmable testing machine
Programmable pallets
Programmable fixtures

Programmable parts transfer

We evaluatcd potential developments in
each area by two criteria:

a) Individual developments should, if at
all possible, be of interest to industry as




stand-alone devices that have the poten-
tial of being cost-effective in manufactur-
ing situations as they exist today.

b) Individual developments will, to the
extent this is predictable, interface as re-
quired with other machines and comput-
ers in a nearly completely automated fac-
tory of the future.

Our evaluation is that the only potential
development areas that meet criterion a) for
a significant number of important DOD
suppliers are:

Self-test for machines
Sensory output from mac'iine tools
Adaptive feedback for machine tools

(We exclude automated storage systems as
being commercially available. We do not
elaborate further in this report on self-test,
sensory output, and adaptive feedback for
machine tools, due to their seemingly lim-
ited pertinence to the research program of
the Information Processing Techniques Di-
rectorate of ARPA. It should be noted also
that, due to a lack of time and resources we
hav= not considered to any significant depth
two important areas of manufacturing: de-
sign automation, and visual inspection sys-
tems. We especidlly emphasize the impor-
tance of design automation, since the main
theme of this report is wat better informa-
tion systems are the key to productivity, and
the design process is a vital source of much
of the information needed by these sys-
tems.)

It should be noted that, on the basis of our
observations and discussions with line man-
ufacturing personnel, we concluded that
Programmable Assembly Machines that are
cost-effective for a significant number of
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DOD sunpliers cannot be developed with
currently available technology.[11]

However, the manipulation of objects in a
factory, including manipulation for assembly
tasks, is the labor-intensive operation; es-
sentially all direct labor in manufacturing is
involved in manipulative tasks: machine
loading and unloading, assembly and fas-
tening operations, material transfer, pack-
aging. There are many reasons why it is
important for these operations to become
more completely automated:

® to bring them under more direct, effec-
tive computer scheduling, monitoring,
and control;

e to eliminate hazardous or unhealthy
jobs|12];

e to increase uniformity of products,
thereby decreasing reject and rework
rates and increasing product reliability.

From our analyses of the labor break-
downs in DOD-relevant industries (see Ap-
pendix D, Tables D-17 through D-22) and
our inspection of the manufacture of many
DOD products, we concluded that ARPA
should bec especially receptive to proposals
for research on assembly tasks related to
electronic-based units, such as avionic
equipment, small radar and communications
units, and missile guidance units. Many
reasons for this emphasis have been given
in earlier sections of this report:

I‘,1l We stre thar all of the conclusions in this report are
denved trom a study ot major DOD suppliers these conclusions do
not necessanly apply 1o other manufactunng sectors

IT.’I The new OSHA cupational Safety and Health Adminis
tration) requlations will be a magor stimulus for increased automa-
ton the working condions for a significant number of current
manutaciuning “bs do not meet the OSHA requirements
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¢ assembly workers constitute 42% of all
employees in communications and elec-
tronic equipment industries (see Table 4);

® DOD’s demand for electronics appears to
be constant volume rather than constant
function; therefore significant assembly
tasks will remain in spite of the continu-
ing revolution in electronic technology;

¢ the consistently small size and weight of
electronic components simplify the me-
chanical requirements in constructing a
prototype assembly machine, and the re-
sulting machine(s) could be broadly appli-
cable to many different electronic-based
products;

® a prime requirement in electronic fabri-
cation is the integration of testing proce-
dures; greater mechanization of the fabri-
cation tasks would permit more timely,
thorough, computer-controlled testing to
be introduced into the fabrication process.
A flexible programmable electronic unit
assembly machine would be especially use-
ful in the construction cf prototypes; there is
often a requirement for 10, or 50, or 100
identical units for testing (e.g.. destruc-
tively, in a missile or ‘‘smart bomb'’). It is
currently very difficult to assure that such
prototype umits are fabricated identically by
hand.

Concerning the assembly of mechanical
objects, we became convinced during the
course of our investigation that programma-
ble assembly machines will first become
cost-effective (and therefore first have a se-
rious impact) in the mass production of
commercial products. The programmability
will be used to allow a family of quite simi-
lar products to be handled on one common
automated assembly line. Initially, a little
flexibility will be used to handle small varia-
tions in products. (The use of Unimate in-
dustrial robots to handle the welding of
various Vega body styles at the General
Motors assembly plant at Lordstown, Ohio,
is a good example of the use of flexibility to
handle a family of products on a common
mass production line.) Gradually, as the
characteristics of programmable assembly
machines are better understood, more flex-
ibility will be introduced to handle more
diverse product families. The use of pro-
grammable assembly machines in batch
production situations with considerable di-
versity will be a late stage in the evolution
of those machines.

Our recommendation for a research pro-
gram in computer-controlled manipulation
of objects is contained in the following sec-
tion.




IV. RECOMMENDATIONS
FOR RESEARCH AND DEVELOPMENT

Previous sections of this report have doc-
umented the unique aspects of manufactur-
ing for DOD procurement, the important
leverage that DOD has in introducing new
manutfacturing technologies, and the real
need of manufacturers for new technologies
shown by our discussions with line manage-
ment personnel and by our analyses of their
operations.

Based on these studies, we concluded
that a major ARPA R & D program based
on the recommendations in this report can
have a vital, important impact on manufac-
turing productivity. We recommend that an
R & D program iin manufacturing automa-
tion be focused in two areas:

1) development of a flexible, manager-
oriented Manufacturing Process Control
system, and its test and evaluation by in-
plant use;

2) continued research in the prograrmma-
ble manipulation of objects, with experi-
ments designed to better understand the
tradeoffs involved in assembly, material
transfer, machine loading, and other tasks
involving mechanical dexterity.[13]

[13] We emphasize the distinction between: (1) a development
program -- leading to a prototype product capable of being tested
and evaluated (within @ 3-5 year time period) under actual operat
tng conitions, and having a significant probability of high 1mpact
and (n) a research program -- performing experiments tailored to
gain knowledge. but not having the expectaton of producing a
product meet'ng the critena defined for a development program

Each recommendation is discussed in de-
tail below.

A. A Manufacturing Process
Control System

The term ""process control’’ normally re-
fers to the control of continuous processes,
such as oil or steel production. Process con-
trol systems must be highly reliable, real
time systems capable of performing control
functions, as well as monitoring. Our pri-
mary recommendation is that a system with
these same attributes is vitally needed to
assist in the control of the batch producticn
of discrete manufactured products. The dif-
ference in the case of discrete manufacture
(and the primary reason effective control
systems do not currently exist in that envi-
ronment) is that the complexity and dy-
namic nature of batch production require
continuous, high-level decision-making by a
human manager. What he needs to control
his resources effectively is a computer-
based controi system with sufficient flexibil -
ity and intellig. nce to interface both with
him and with hi. resources in that dynamic
environment.

1. Functional Requirements. A Manufac-
turing Process Control (MPC) system is re-
quired for use primarily by a manufacturing
department manager. It must:
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e give him accurate answers to common
questions, such as the status of an order,
the location of a part, etc.;

e p ovide him or others exception reports
whun specified limit conditions have been
reached, and enforce a user response;

® provide status displays for critical opera-
tions, and enforce user response to cer-
tain conditions;

e enable the manager to communicate
with and control certain personnel, as
well as leave a recorded audit trail;

® allow the manager to control the alloca-
tion of key items of equipment directly
with the computer;

® allow him to explore the consequences of
potential decisions;

e be flexible, so that the manager himself
can make small changes in its functions
as his needs change without system rede-
velopment;

® be usable directly by the manager, with
an interface he finds natural to his task.

2. Other Requirements. For the MPC sys-
tem to have maximum transferability to a
variety of industrial management environ-
ments, and to have sufficient reliability to be
trusted by a manager as the process control
system, it must adhere to the highest indus-
trial software engineering standards:

e modular
- independence of function

- small blocks of code
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® program and data independence

e use standard languages

¢ independence from operating systems
e rainivial use of machine-dependent code
® transaction-based

e interface to batch processing

¢ interface to other systems

e checkpoint/restart

o fail-soft

e self-monitoring

e completely documented

e thoroughly tested by people independent
of the development group

3. Development Plan.

a System Architecture.

We propose a Manufacturing Process
Control system that is highly reliable and yet
which incorporates flexibility, user-depen-
dent vocabulary, modeling, and deductive
capabilities to the maximum extent possible.
We believe the key to such a system is the
system architecture in Figure 9.

System A is stand-alone and performs
real ime data acquisition, monitoring, and
resource control functions. It must be highly
reliable, fail-soft, and have the other attri-
butes of a process control system. It has a
significant data acquisition capability, me-
dium-speed storage and user output capa-
bility, but 2 limited inquiry and command
interpretation capability -- most probably
with a highly stylized syntax. System A is
capable of requesting assistance and receiv-
ing commands from System B.

System B is a (potentially shared, poten-
tially remote) ‘intelligence’’ resource. It is
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|
-

SYSTEM B

Modeling capability
User dependent:
e vocabulary

® processes
® heuristics

SYSTEM A Inquiry and

command

Data
storage
facilities

Real time <
data acquisition
and resource control

ATV

Sensors and
terminal interfaces

Figure 9. Proposed manufacturing process control system architecture.
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capable of performing: (1) a degree of natu-
ral i2r.guage understanding, (2) deduction,
(3) modeling, to aid the menager in answer-
ing .ne ubiquitous "What if...?"" type of
question.

When System A receives a query or com-
mand it cannot interpret, that input is
passed to System B; B is capable of request-
ing relevant data from A (possibly using the
same limited query format as the terminal
interface to A). The resources available in B
are used on a demand basis. B's capabilities
can be expanded a< technology or demand
permits, without ccmpromising the integrity
of System A. System B should utilize exist-
ing system components to the extent possi-
ble.

This framework permits the gradual intro-
duction of “intelligent system’’ technology
into that manufacturing environment having
the greatest potential payoff: control of re-
sources in a complex, batch production
manufacturing operation.

b Implementation Plan

We feel the Manufacturing Process Con-
trol system described above must be imple-
mented according to the carefully graduated
program shown in Table 9.

In summary, we propose an initial engi-
neering state of the art system be used as a
means for gaining a thorough urderstand-
ing of the environment; this understanding
will then be used to develop a system whose
capabilities and costs are known to be
highly relevant and highly use ul. A thor-
ough understanding of the interactions
within a complex community of system
users must precede the development of a
system serving (and, potentially, partially
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supplanting) that community. The manufac-
turing production management environment
is, in our judgment, the most productive one
in which this analysis and resultant system
development program can be performed.

¢ Estmated Benefits and Payoff

It is, of course, difficult to predict very
accurately the benefits to be derived from the
installation of the MPC system described
above. However, the following data are rel-
evant in making such an estimate:

1) the manufacturing managers we con-
sulted believe such a system is the single
most important development program
that is required for increasing their facili-
ties’ productivity;

2) such an MPC system is directiy rele-
vant to the vast majority of manufacturing
facilities supporting DOD procurement;
the effective control of in-process re-
sources is fundamental to all manufactur-
ing operations;

3) an MPC system is the critical compo-
nent supporting any further advance-
ments in computer-based manufacturing
automation. Effective control of resources
is required to take advantage of other
advanced manufacturing system capabili-
ties.

Taking all of the above into consideration,
our best estimate is that an MPC system
meeting all of the fuactional specifications
in Section IV.A.1 above, could reduce the
cost of complex job shop operations by at
least 20% -- in some cases by up to 50%.
(Recall from Section Il that manufacturing
inventories cost DOD over $1 billion/year; a
20% reduction in inventories through im-
proved control by the widespread use of
MPC systems could ultimately yield savings
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Table 9

MANUFACTURING PROCESS CONTROL SYSTEM IMPLEMENTATION PROGRAM

Month #

0-3 Create accurate documentation of the information, control, and
material flows in one or more existing factory environments.

3-month milestone: written description of existing information,
control, and material flows.

Create specifications for a real-time on-site production control
system which encompasses the transactions in the flow analysis;
this system (A) must be cost-effective on a stand-alone basis.

6-month milestone: 1) written specifications for System A,

2) agreement by one or more marufacturing managers to
install a system meeting these cost and performance specifi-
cations,

Create, debug, test, and install System A in a manufacturing
operation,

18-month milestone: installed, operational System A,

Use System A as a window into the manufacturing system;
perform a frequency and cost analysis of the information and
control transactions; create an itemized, ordered list of system
modifications and enhancements required for major productivity
improvement.

24-month milestone: 1) list of System A modifications;

2) System B specifications.

Develop, install, and evaluate advanced features in Systems

A and B.

36-month milestone: an evaluation of what features are,
and are not, useful in a real-time, manager-oriented

batch production control system, with an evaluation of

the extent of their effectiveness in increasing manufacturing
productivity,
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of $200 millicn/year.) Most importantly,
the development time schedule presented in
Section IV.A.3.b allows a test of this predic-
tion in selected manufacturing facilities
within 3 to 4 years. Qur primary recom-
mendation to ARPA is that such a develop-
ment and test be made

B. Researck in Automation
Technologies

The primary conclusion on automation
technologies, presented in Section I1.D.2
above, is that ARPA-sponsored research
should concentrate on assembly and testing
tasks related to electronic-based units.

We feel that a research program in this
area should be based on the validation pro-
cedures that we used in the present study:

® perform case analyses of electionic fabri-
cation operations currently being used,
and obtain estimates, from manufacturing
representatives with line responsibility, of
the expected changes in fabrication tech-
nology tc be utilized by their facility dur-
ing the next decade;

e form an Advisory Council of line manu-

facturing representatives to validate the

conclusions of that study and the func-

tional specifications derived from it for a

prototype machine;

¢ perform an R&D program in cooperation

with representatives of relevant industry

groups to develop prototype systems:;

® arrange for on-site test and evaluation of

prototype cystems in actual production

environments.

Our preliminary examination of electronic
assembly operations indicates this is an area
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in which considerable computer-based ma-
chine flexibility is required. The nature of
the physical processes involved leads to
such conditions as accidental drops of solder
causing unexpected circuit errors, and *'jig-
gling”" heuristics needed for proper plug
and board insertions. (There is also an im-
portant need to explore redesign possibilities
for plugs, sockets, and components to make
them more amenable to manipulation by
machine.) Much of the research on manipu-
lation and machine dexterity performed in
the area of electronic unit fabrication will be
relevant to the more difficult and more var-
ied task of mechanical assembly of discrete
objects.

C. Concluding Remarks

The Advanced Research Projects Agency
has played an important role in sponsoring
high-impact research and development in
the United States. This report has shown the
research and development program in com-
puter-based manufacturing systems out-
lined above has:

® potentially great impact on increasing
the productivity of DOD suppliers;

® even greater importance to the U.S.
economy and to improving the U.S. bal-
ance of trade;

® a requirement for advanced computer
technologies in which the ARPA contrac-
tor community has a demonstrated inter-
est.

We sincerely hope this report will form
the foundation of an ARPA-sponsored
R & D program in advanced, computer-
based manufacturing systems. The potential
benefits are enormous and are vitally
needed now.
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legend:
(1 )=Intermittent contact
(r)=regular contact

GOVERNMENTAL AGENCIES

Person Contacted

Col. L. A. Staszak

Office of the Assistant
Secretary c¢r Defense for
Installations and Loglistics

U.S. Departnent of Defense

Washington, D.C.

D. h. Wells

Uffice of tne Alr Force
Deputy Chief of Staff for
Research and Development

Director of Development
and AcqLislition

Industrial Resource Division

Lt. Col. C. W. Groover

Offlce of the Asslstant
Secretary of Defense for
Systems Analysls

Loglstic Guldance

U.S. Department of Defense

Washlngton, D.C.

E. Saunders

Office of Emergency
Preparedness

Deputy Director --
Natural Resource Analysis

C. Nelson

Materlals Lab

Air Force Loglstics Center
Wright-Patterson A.F.B.
Ohlo

Participatling

Prolect Members

Brewer

Anderson, Brewer

Anderson, Brewer

Anderson, Brewer

Roseen, Sibley




M. Waller
U.S.A. Advanced

Materiel Concepts Agency
Alexandria, Virginia

R. Davis 28 Feb 72
National Bureau

of Standards
Gai thersburg, Md.

A. R, De Long
Bureau of Domestic Relations
Washlngton, D.C.

Or. Nestor L. Terlecky]
National Planning Association
Washington, D.C.

Mr. M. A. Margolis

Office of the Assistant
Secretary of Defense for
Systems Arialysis

U.S. Department of Defense

Washlngton, D.C.

Mr. David N. Cohen, 30 Aug 72
Robert J. Hunsberger

Bureau of Domestic Commerce

Individual Industry Division

Department of Commerce

Washington, D.C.

Miss M. Hall 28 Sept 72
Staff Economlst

The Price Commission

Washington, D.C.

Mr. John Macut, 2 Oct 72
Mr. Arbolin

Division of Productivity Studies

Department of Labor

washlngton, D.C.

Anderson

Anderson, Brewer
Ellls, Uncapher

Karrany

Kamrany

Anderson, Kamrany

Kamrany

Kamrany

Kamrany




Mr. Elsenberg 2-3 Oct 72
Bureau of Labor Statistics

U.S. Department of Labor

Washington, D.C.

Mr. Gall Eichelman 17 Oct 72
Wright-Patterson AFB

Chlo

F.W. Randall, 9 Nov 72

Charles P. Downer
Office of the Assistant
Secretary of Defense for
Installations and Loglstlics
U.S. Uepartment of Defense
Washington, D.C.

Mr. H. Holly 10 Nov 72
Technology Transfer
NASA

Washington, D.C.

Dr. Michael Boretsky (r)
U.S. Department of Commerce
Washl ngton, D.C.

Dr. John M. Evans (1)

Staff Asslstant for Automation
Technologi es

National Bureau of Standards

Oepartment of Commerce

Washington, D.C.

Or. Bernard Chern (1)
RANN

National Science Foundation
Washington, D.C.

Mr. Conrad C. Lautenbacher (1)
Office of the Asslstant
Secretary of Defense for
Systems Analysls
U.S. Department of Defense
Washlngton, D.C.
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Kamr any

Anderson, Rosenberg
Col. J. Perry (ARPA)

Anderson, Kamrany
Rosenberg

Kamrany

Kamrany

Anderson

Anderson, Kamrany
Rosenberg

Anderson, Kamrany




Or. Wllliam Cox (1)
Joint Economic Committee

U.S. Congress

Washington, D.C.

Kamrany

UNIVERSITIES AND NON-PROFiT ORGANIZAT]IONS

Persons Contucted ate
Robert Perry 2 Aug 71
The Rand Corporation
Santa Monica, Callf.

Prof. Marvin Minsky 12 Aug 71
Project MAL

M.l.T.

Robert Salter 18 Aug 71
The Rand Corporation

Santa Monica, Callf.,

fred Morgan 8 Sept 71
The Rand Corporation

Santa Monica, Calif.

G. Balley 14 Sept 71

Amer I can OUrdnance

Assoclation
Mobl 1l zation Readiness Divislon
Washlngton, 0.C.

W. House 15 Sept 71
National Academy of Sclences

Washington, D.C.

W. Jamleson 22 Sept 71

Battelle Meriorfal Instltute
Columbus, Chio

Participating
Project Members

Anderson, Davlis,
Ellis, Groner
Sibley, Uncapher

Anderson, Davls
Elllis, Groner,
Sibley

Anderson, Ellis

Anderson, Brewer
Davis, Ellls, Groner,
Roseen, Sibley,
Uncapher

Anderson, Brewer

Anderson

Sibley, Roseen
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G. T. Wachter

Stanford Research
Institute

Menlo Park, Calif.

16 Nov 71

Gordon Graham
The Rand Corporation
Santa Monica, Calif.

Or. James Nevins

Praper Laboratory
M.I.T.

Cambridge, Mass.

Mr. Georce _Leliser
Battelle Menorial Institute
Washington, D.C.

Mr. Re Craic, Dr. F. Buttner
tattelle Memorial Institute
Columbus, Uhio

28 Aug 72

Or. E. Denison 2 Oct 72
Brookings Institution

Washington, D.C.

Or. M. I. Nadiri
Department of Economics
New York University

New York, N.Y.

Jerome Feldman, Tom Binford (i)
Cordell Green

Artificial Intelligence Project
Stanford University

Stanford, Californla

Mr. Eugenc Magad 30 Oct 72
IIT Research Institute

Chicago, lllinois

Anderson, Sibley

Anderson, Brewer
Davis, Ellis, Groner,
Sibley, Roseen,
Uncapher

Anderson, Groner

Anderson, Kamrany

Anderson, Kamrany

Kamrany

Kamrany

Anderson

Anderson, Kamrany
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Or. Charles Rosen (1)
Stanford Researchk Institute
Merlo Park, California

INDUSTRIES

Persons Contacted Date
D. Blckle & Aug 71
Lockheed Callifornia Co.
Burbank, Callf.
Stanley Crorer 9 Aug 71
A.M.F. Executive (Offlces
White Plains, N.Y.
T. LIindbom 10 Aug 71
Unimation, Inc.
Danbury, Corin,
Joe Serieno 11 Aug 71
A.M.F. York Division
York, Pernsylvania
M. Goulder 12 Aug 71
Saunders Assocliates
Nashua, N.H.
He Mayes 20 Aug 71
Falrchilu Semiconductor
Palo Alto, Calif.
William lFogers 27 Aug 71
A.M.F, Voit Division
Santa Ana, Calilf.
Bernard i ome 27 Aug 71

AM.F. Tire Equipment Div.
Santa Ana, Calif.

Anderson

Particlpating
Project Members

Anderson, Davis,
Ellis, Groner,
Sibley

Anderson, Davls,
Ellis, Groner

Anderson, Davis,

Ellis, Groner, Sibley

Anderson, Davis,
Ellis, Groner,
Sibley

Anderson, Davis,
Ellis, Groner,
Sibley

Groner

Groner, Sibley

Groner, Sibley
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G. Dodd
G.M. Technicai Center
Warren, Michigan

R. Levwis
Chevroiet Assembly Plant
Warren, Michigan

H. Martin

18 Corporation

Advanced Systems Division
Mohansic, N.Y.

J. Wilfora

IBM Corporation
Components Uivision
East Fishkill, N.Y.

J. Massara

I8M Corporation

Federal Systems Division
Owego, N.Y.

William Winters
G.M. Technical Center
Warren, Michigan

R. Glorio
A.M.F. Versatran
Detroit, Michigan

J. OTReiily

Ford Motor Company
World Headgquarters
Detroit, Michigan

Wiiliam Spurgeon
Bendi x Research Labs
Southfield, Michigan
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24 Sept 71

24 Sept 71

5 Oct 71

6 Oct 71

7 Oct 71

11 Oct 71

12 Oct 71

12 Oct 71

13 Oct 71

Sibley

Sibley

Anderson, Ellis,
Uncapher

Anderson, Ellis,
Uncapher

Anderson

Brewer, Groner,
Sibiey

Brewer, Groner, Sibley

Brewer, Groner, Sibiey

Brewer, Groner,
Sibley




Ken Boyd
Kearney-Trecker
Ml Ilvaukee, Wisconsin

fFrank Long

W.fF. and John Barnes Co.
Babcock and Wilcox
Rockford, Illinois

r. Wood

Sundstrand Machine Tool Co.

Belvidere, I1linois

J. Linden
Hughes Air:-raft Co.
tl Segunds, Callifornla

Howard LaiLin
Hughes Aircraft Co.
Culver City, Calif,

T. Fischer
I16M Corporation
San Jose, Callfornia

R. W. Boesel

Lockheed Missile and
Space Division

Sunnyvale, Callifornia

R. Nelson
Mattel Toy Company
Hawthorne, Callfornia

L. We Salisbury
Litton-Melonics Division
Canoga Park, Calif,

Roger Dorf
18M Corporation
Rochester, Minn.

14 Oct 71

15 Oct 71

16 Oct 71

5 Nov 71

14 Dec 71

13 van 72

14 Jan 72

25 Feb 72

1 Mar 72

2 Aug 72

Brever, Groner, Sibley

Brewer, Groner, Sibley

Brewer, Groner, Sibley

Davis, Groner, Sibley

Anderson, Brewer,
Davis, Ellls, Roseen,
Sibley, Uncapher

Groner, Sibley

Groner, Sibley

Sibley

Sibley

Arnderson
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Everett Randlett 22 Aug 72
Cross fraser, Inc.
Detrolt, Michlgan

Michael Mikolay 23 Aug 72
Entrekin Computers
Flint, Michigan

James Barth 24 Aug 72
Swanson-trie Corp.
Erie, Penna.

Richard bodi ne 25 Aug 72
Bodine Corporation
Bridgeport, Conn.

Lyell Tullis 28 Aug 72
Gi lman Engineering & Mfg. Co.
Janesville, Wisconsin

Mr. William Beeby (1)
Manager, Process Assembly

The Boeing Company

Auburn, Washington

Mr. Clint T. Hays (r)
Manager, N/C Fabrication

Douglas Alrcraft Company
Torrance, Callf,.

Mr. Maury Kalnitz (1)
IBM Corporation
Mohansic, New York

Mr. Harvey Buffum 13 Dec 72
Director, Operations Technology

The Boeing Company

Renton, Washington

Mr. Ronald Patitz (r)
Manufacturing Manager

Precision Products Division
Western Gear Corporation

Lynwood, Calif.
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Reynolds

Reynolds

Reynolds

Reynolds

Reynolds

Anderson, Rosenberg

Anderson, Rosenberg
Hinds

Anderson

Anderson, Rosenberg

Anderson, Rosenberg
Hinds




Mr. Harry Davis Anderson, Rosenberg,
Hughes Alrcraft Company Brewer
Tuscon, Arlzona

Donald J. Rejfer Anderson, Rosenberg
Hughes Alrcraft Company
Culver City, Calif,

A. Stone, D. Gustason, Anderson, Rosenberg
X. Kohan

Hughes Aircraft Company

El Segundo, Calif,

Tom Bernard Anderson, Kamrany

Director, Computer Systems Rosenberg, Lientz
and Services Brewver

Rohr Corporation

Chula Visca, Calif.

Richard t. Puglliese, 21 May 73 Anderson, Balke,

Walter Claus Rosenberg
Large Systems Plant
Burroughs Corporation
Cilty of Industry, Callif.

CONFERENCES

Partliclpatin
Description Dates Eroﬂect Members

Soclety of Manufacturling 1-3 Feb 72 Sibley
Englneers

CAD/CAM Conference

Atlanta, Georgla

Englneering Foundation 23-27 Feb 72 Anderson
Conferencc on Patcern
Information Processing

Alrlie House, Virginla




Second International 16-18 May 72 Brewer
Symposium on
Industrial Robots

Chicago, Illinois

1972 international Machine 12-13 Sept 72 Brewer
Tool Show
Chicago, Illinols

First National Conference 13-15 Sept 72 Anderson
on Remotely Manned Systems

California Institute of Technology

Pasadena, Culif.

NSF Conference on 4-6 Oct 72 Kamrany
ProducLivity in the
Durable Ccods Industry

University of Massachusetts

Amherst, Mass,

NSF Workshop on Sensors for 10-12 Apr 73 Anderson
Automation
Cambridge, Mass.

Engl neering Foundation 13-17 Aug 73 Anderson
Conference on Making Service
Industries More Productive
Through Computers and Automation

Henni ker, New Hampshire

Third International Joint 20-23 Aug 73 Anderson
Conference on Artifical
Intelligence

Stanford University

Stanford, California
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Introduction

For each of the 527 manufacturing industries covered,
Industry Profiles presents 20 basic data series relating
ta employment, payrolls, manhours, value of shipments,
valve odded by manufacture, capital expenditures, in-
ventories, and seiected averages. These series were
obtained from the 1963 and 1967 Censuses of Manu-
facturers and the 1968 Annual Survey of Manufacturers,
published by the Bureau of the Census. Data ore
shown for the years 1958 through 1969.

Industry dota shown refer to the two-, three-, and
four-digit industries as defined in the Office of Man-
agement and Budget's Standard Industrial Classification
(SIC) of 1967. For the years 1958, 1963, and 1967,
industry statistics were developed from a complete
census of all manufacturing establishments. Data for
all other years are based on reports from a sample
consisting of approximately 65,000 establishments. Each
reporting establishment was assigned an industry code
on the basis of its major product or group of products.

In this publication in some instances it was necessary
to combine industries in order to present comparable data
for the entire period shown. Combined industries are
identified in this volume by an “x” as the last digit of
the industry code. The industries included are shown
with the title for each such profile.

Though each reporting establishment is classified in
an industry on the basis of its major product or activity,
the industry aggregates shown reflect the total activity
of the establishments so classified. The velue of ship-
ments data in this publication represent all of the ship-
ments and receipts of the establishment classified in
the specific industriez, inclu ing the shipments of pri-
mary products, secondary products and miscellaneous
receipts. They differ from the value of shipments on a
product basis. The latter, for which data are not shown
in this release, represents the total value of shipments
of the specific groups of products regardless of the
classification of the establiskment from which they
were shipped.

1969 Data

Data for 1969 ~re from the pre'iminary Annual
Survey of Manufactures release of June, 1971. These
preliminary data are developed from a somple used
in the preliminary 1967 census reports and in preceding
annval survey years.
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All of the 1969 estimates shown, except capital
expenditures, are comruted by adding the net change
between 1968 and 1969, as estimated frora the sample,
to the 1967 Census of Manufactures totals. Prior to the
issuance of the final 1969 Annual Survey of Manufac-
tures Volume, the user may revise shese preliminary
estimates by means of the final 1967 Census reports.
Revised estimates can be derived as follows:

1969 (Revised) = 1969 (Preliminary) + 1968 (Final)
— 1967 (Final)

Data for all years except the complete census years
of 1958, 1963 and 1967 are based on sample surveys
and are therefore subject to sampling errors. Data and
computations for which the sampling error exceeds 15
percent are marked with an asterisk (*) in the industry
profiles tables.

For most series, the percent change from 1968 to
1969 and the average annual growth rate from 1958
to 1969 have been computed. The average annual
growth is cariputed on the basis of compound interest
tables.

Definitian of Terms

Table 1 consists primarily of 20 series including ten
basic statistical items and ten derived ratios or averages
for each industry. In addition, five selected data items,
not available on an annual basis, are shown. Each of
these is defined below.

Number of Establishments (1967)—Number of plants
primarily engaged in producing the products covered
in a given industry as defined in the SIC. This infor-
mation is collected only during the census of manu-
factures each five years.

Book value of Assets per Employee (1964)—Computed
by dividing total smployment into book value of fixed
assets. This figure is o rough guide to the amount of
investment per job reauired in ¢ given industry and of
the capital intensity of individual industries. Data are
shown for 1964, the latest data available on book
value of fixed asscts.

Specialization Ratiy (1967 )—Derived by dividing the
total output (both primary and secondary products) of
the industry’s plants into their output of products pri-
mary to the industry. The resulting percentage measures
the extent to which the industry specializes in making
its primary products.




Coverage Ratio (1967 )—Computed by dividing the
total output of products primary to an industry ‘wherever
produced) into the output of primary products produced
within the industry. This ratio measure: the extent to
which the products primary to an industry are shipped
by plants classified in that industry.

Concentration Ratio (1967 )—The percentage of an in-
dustry’s value of shipments accounted for by the 4
largest anc 8 lorgast companies.

Al “mcloyees—All full-time and part-time employees
on the payrolls of operating manufacturing estoblish-
ments who work- J or received pay for any part of the
pay period ended nearest the 15th of selected months.
Included are all persons on paid sick leave, paid holi-
days, and paid vacations during these pay periods.
Excluded are members of the Armed Forces and pen-
soners carried on the active rolls bur not working
during the period. All plant employees including plant
officials are included except proprietors and partners
of unincorporated firms.

Total employment consists of an average of four
monthly figures for “production workers” (March, May,
August, ond November) plus the March figure for “all
other employees.”

Payroll—This total represents gross wages and salaries
paid in the calendar year to all employees an the pay-
roll of operating manufacturing establishments, follow-
ing the definition of payrolls used for colculating the
Federal withholding tax. Included are =l forms of
compensation, such as salaries, wages, commissions, dis-
missal pay, all bonuses, vacation and sick leave pay,
and compensation in kind, prior 10 such deductions as
employees’ Social Security contributions, withholding
taxes, group insurance, union dues, and savings bonds.
The total includes salaries of officers of these estab-
lishments, if a corporotion; it excludes payments to the
proprietor or partners, if an unincorporated concern.
Also excluded are payments to members of the Armed
Forces and pensioners carried on the active payrolls af
manufacturing establishments.

Production Workers—All workers (up through the
Working foreman level) engaged in fabricating, proc-
essing, assembling, inspection, receiving, storage, nan-
dling, packing, warehousing, shipping (but not deliver-
ing), maintenance, repair, janitorial, watchman services,
product develonment, auxiliary production for plants’
own use (e.g., power plant), record-keeping, and other

services closely associated with these production opsra-
atons at the establishment covered by the report. Super-
visory employees above the working foreman level are
excluded from this category.

Production Worker Man-Hours—All plont mon-hours
of production workers, as defined above, represents all
man-hours worked or paid for at the plont including
actuol overtime hours (not straight-time equivalent
hours). The total excludes haurs paid for vocofions,
holidays, or sick leave, when the employee was not ot
the plant. Where employees elected to work during
the vacation period, only actual hours worked by such
employees were reported.

Wages—Gross earnings paid in the calendor yeor
to all production workers on the payrolls of operoting
manufacturing establishments.

Valve Added—This measure is derived by addiny the
values of shipmenis to the net change, between the
beginning and the end of the year, in inventories of
finished goods and work in process (may be plus or
minus), and subtracting the cost af materials. The volue
of shipments includes value of product shipments, re-
ceipts, for services for others an their materiols, miscel-
laneous receipts (repair work, scrap sales, etc.), and
soles of products bought and resold without further
monufacture, processing, or astsmbly. The cost of mo-
terials includes the cost of mate: ials, components, parts,
containers, fuels, purchosed electricity, products bought
and resold without processing and the cost of controct
work done by otiers. 1

“Valve added” avoids the duplication in the “volue
of shipments” figure which results from the use of prod-
ucts of some establishments as moterials by others.
Consequently, it is useful for comparing the relative
economic confributions of the monufacturing process
among industries and geographic areos.

Cost of Materials—The -term “cost of moteriols”
refers to direct charges actually paid or pcyoble
tor items consumed or put into production during
the year, including freight charges ond other direct
charges incurred by the establishment in ocquiring
these materials. Manufacturers included the cost of
materials or fuel consumed regardless of whether
these items were purchosed by the individuol
establishment from other companies, tronsferred
to it from other establishments of the some com-
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pany, or withdrawn trom inventory during the
year.

To arrive at the industry total cost of materials,
separate figures were obtained for: (a) the total de-
livered cost of all raw materials, semifinished
goods, parts, components, containers, scrap, and
supplies put into production or used cs operating
supplies and for repair and maintenance during
that year; (b) the amount paid fo: 2lectric energy
purchased; (c) the amount paid for all fuels con-
sumed for heat, power or the generation of elec-
tricity; (d) the cost of work done by others on ma-
terials or parts furnished by manufacturing estab-
lishments (contract work); and, (e) cost of products
bought and resold in the same condition. The total
excludes the cost of services used, such as adver-
tising, insurance, telephone, etc., and research, de-
velopmental, and consulting services of other estab-
lishments; it also e..cludes overhead costs, such as
depreciation charges, rent, interest, royalties, etc.;
it excludes materials, machinery and equipment
used in plant expansion or capitalized repairs
which are chargeable to fixed assets accounts.

Valve of Shipments—Dollar amounts of the re-
ceived or receivable net selling values, f.o0.b., plant,
after discounts and allowances, and excluding
freight charges and excise taxes. However, where
the products of an industry are customarily de-
livered by the manufacturing establishment (e.g.,
bakery products, fluid milk, and soft drinks), the
value of shipments is based on the delivered price
of the goods.

Included in value of shipments are: all items
made by or for each establishment from materials
owned by it, whether sold, transferred to other
plants of the same company, or shipped on con-
signment; receipts for contract work, and receipts
for such miscellaneous activities as sale of scrap
and refuse, installation work by plant employees,
research and development, and repair work. The
net selling value of products made in one plant
on a contract basis from materials owned by others
was reported by the plant providing the materials.
The value of products bought and resold without
further processing (merchandising) was reported
separately and is included in the value of ship-
ments totals for each industry.

For multi-unit companies, the value of products
transferred to other establishments of the same
company (i.e., other manufacturing plants, sepa-
rate sales branches, or retail stores) was tabulated
as though each establishment were a separate eco-
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nomic unit. Included in “value of interplant trans-
fers within the company” are not only the direct
costs of production but also a reasonable propor-
tion of “all other costs” (including company over-
head) and profit.

Capital Expenditures—For establishments in opera-
tion and establishments under construction but not
yet in operation, these data include expenditures
for (a) permanent additions and major alterations
to manufacturing establishments and (b) new ma-
chinery and equipment used for replacement pur-
poses and additions to plant capacity, if these are
of the type for which depreciation accounts are
ordinarily maintained.

These totals exclude that portion of expenditures
for new facilities and equipment leased from non-
manufacturing concerns, new facilities owned by
the Federal Government but operated under con-
tract by private companies, and plant and equip-
ment furnished to the manufacturer by communi-
ties and organizations. Expenditures for used plant
and equipment, expenditures for land, and cost of
maintenance and repairs charged as current op-
erating expense are also omitted.

End-of-Year Inventories—Respondents were asked
to report their inventories at approximate current
costs if feasible; otherwise at book values.” Since
different methods of inventory valuation are used
(LIFO, FIFO, etc.) the definition of the value of in-
ventories aggregate for all establishments in an
industry is not precise. The figures on change in
inventory between years are of considerably
greater significance.

Value Added as Percent of Shipments—Computed
by dividing “value of shipments” inte ‘“value
added.” The resulting percentage shows the contri-
bution of an industry to its value of shipments.
The complement of that percentage (100.0 minus
the percentage), which is not shown, would be an
approximation of the importance of the cast of
materials of the industry.

Inventories as Percent of Shipments—Computed by
dividing the value of shipments into end-of-year
inventories. This is an indicator of turnover rates
and levels of sales activity among industries.

Payroll as Percent of Value Added—Computed by
dividing valve added into payroll to obtain this
measure of labor intensity.

Value of Shipments per Production Worker—Com-
puted by dividing “production workers” into “value
of shipments.” It is important to note that the
“value of shipments” may be affected by several
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factors, such as cost of materials and the Importance
of receipts and payments for contract work, which have
little or no relationship to the number of production
workers.

Valve Added per Production ‘Worker Man-Hour—
Computed by dividing “production workers man-hours”
Into “value added.” fince there are fewer factors in
“value added” than in “value of shipments” that are
unrelated to the man-hours of production workers, this
measure permits comparisons among industries, areas,
and establishments.

Wages per Production Worker Man-hour—Computed
by dividing “man-hours” into “wages.” The resulting
dollar figure is a raugh measure of average hourly
earnings. It is not a measure of the wage rate since
“wages” includes premium payments far overtime as
well as vacation and sick leave pay, bonuses, efc.

Annual Man-haurs per Production Workers—Com-

puted by dividing “prod.ction workers” into “man-
hours.”

Indexes of Emplayment, Value Added, and Shipments
—Computed on 1967 base to show annual movement
of these basic indicators of industry growth,

Tables 2 (page 1) through 5 present rankings of
four-digit industries. Tables 2 and 3, respectively, show
the 100 largast industries in ‘erms of size of shipments
and employment in 1969, and Tables 4 and 5, respec-
tively, show the 100 fastest growth industries in ship-
ments and employment between 1958 and 1969.

The value of shipments used In Table 4 for com-
puting growth ratios between 1958 and 1949 is not
adjusted for changes In price or product mix. industries
that have experienced decreases or rapid increases in
prices during this period may be substantially under-
or over-stated in terms of their growth relative to other
industries. Also, data for industries that have under-
gone substantial changes in praduct mix due to tech-
nolagical changes, materials substitution or s'milar fac-
tors, may be somewhat distarted.

Anather factar affecting the growth ratios computed
in Tables 4 and 5 arises fram the fact that the 1969
dota are estimates based an a sample and, therefore,
have standard errars associated with them. Thus, the
1969 data when campared with 1958 will include some
changes reflecting the variability due ta sampling.
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{S Speciatlzatian ratia -~ C Caverage ratia)—i963

See page xxav,

FOOD AND KINDRED PRODUCTS

This majar graup includes esteblishments manufacturing foads

end bevurages far human cansumttlan, and certain releted praducis,
such es manufactured ice, chewing pum, vegetlable and animel fats
and eils, end prepered feeds far animels and fawls,

MEAT PRODUCTS:
Meal Packing Plents (S 98; C-88).—Esteblishments primarily en-

gaged in the sleughtering, fer their ewn accaunt or an a can-
trect basis far the trade, of cattle, hags, sheep, lambs, celves,
harses, and ather anima!s except small game, far meet ta be
tald er te be used en the same premises in canning end curing,
and in making sausage, lard, and ather products. Establishments
primerily engaged in manufacturing seusages end meat special-
ties frem purchased meats ere clessified in industry 2013, and
establishments primerily engeged in killing, dressing, packing,
and cenning peultry, rabbits, end ather small g. =~ in Indus-
try 2015,

Some slaughtering aperatians ere canducted in esteblishments
which are nat included in the census ef menufectures, such es
thase chiefily engaged in whalesele er reteil trade lecker plant
services, eotc, A check af the 1958 Census ef Manufecturers
recards with thase af the U.S. Department ef Agriculture indi-
ceted that the census af manufacturers included abaut 90 percent
af the valume af cammercial livestack sleughter. A similar
cemperisan ef the 19.3 census slaughter statlstics with thase
ef the U.S.D.A. indlc.'es that caverege ef cemmerciel sleughter
is ebaut at the same |.vel.

Sausages and Other Prepared Meat! Preducts (S-94; C-38) —Esteb.

lishments primarily engaged in manufecturin  seuseges, rured
meats, smoked meets, cenned meets, frezen . eats, ether pre-
pered meafs, and meat specielties from purchesed cercasses end
ather materials. Sausage kitchens end ether prepared meet
plants eperated by packing hauses as seperate esteblishments
alse ere included In this industry, Esteblishments primarily en-
gaged in killlng, dressing, and packing peultry, rabbits, end
ather small yame, end these canning peultry ere classified in
industry 20i5. Establishments primarily engeged in the cutting
up and resele ef purchesed fresh cercesses ere classified In
trede industries.

Prepered meats manufectured in retell end independent whelesole
estebiishmenis ere not included in the census ef monufectures,

Paultry end Smell Game Dressing and Packing, Whelesele (S-98;
C€-98). —Esteblishments primerlly engoged in killing, dressing,
pecking, end cenning pouitry, rebbits, end ether small geme fer
their own acceunt ar en e cantract basis fer the trade. This in-
dustry else includes the drylng, freezing, and breaking af eggs;
but nat the cleaning, eil treating, packing ond greding ef egps
which ere clessified In whelesale trede.

Paultry end smell gome killed ond dressed et ferms, hatcheries,
frozen feod lackers end whalesele end retoll esteblishments are
nat included In manufacturing.

DAIRY PRODUCTS:

Creamery Butter (S.89; C.77).—Establishments primerily engeged in
manufacturing creamery butter.

This industry combined twe industries that were separete under
the previeus clessificaticn system: industry 2022, Neturel Cheese,
end industry 2025, Speciel Delry Products.

Cheese, Neturel end Precessed (S-93; C.98).—Esteblishments pri-
merily engaged In the menufecture of noturel cheese {except cef-
tege cheese), praccys cheese, cheese feeds, and cheese spreads.
Esteblishments primarlly engaged In monufecturing cettege cheese
ere clessified In Industry 2026,

Condensed ond Evoporeled Milk (S-80; C.66).—Esteblishments pri-
merily engeged in menufocturing cendensed and eveperated milk,
ond releted products, including ice creem mix end Ice milk mix
mede for sole as such,

ice Creem end Frozen Deserts (S-93; C.74).—Esloblishments primor-
1ly engoged In monufocturing ice creem ond other frozen desserts.

and Description
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Fluid Milk {S-90, C-95).—Establishments primerily engeged In prec.
essing {pasteurizing, hamagenizing, viteminizing, battling) and
distributing fivid milk and creem, end related preducts.

CANNING AND PRESERVING FRUITS, VEGETABLES, AND
SEAFOODS.

Canned and Cured Seefaeds {S-92; C.95).—Establishments primarily
engaged in caaking end cenning fish, shrimps, eysters, clams,
crabs, and ather seafeads; and thase engaged In smaking, sall-
Ing, drying, er etherwise curing fish fer the trade. Establishments
primarily engeged in shucking end packing fresh aysters in nan-
sealed cantelners, er freezing ond packoging fresh fish are classi-
fied in Industry 2036.

Conned Specialities (S-80, C-91).—Estetlishments primorily engaged
in canning specialty preducts, such es beby faeds, ''netive
feads,'’ heelth faads, and seups, except seefoed. Establishments
primarily engaged in cenning seafead soup ere classified in In.
dustry 2031, end those primorlly engaged in quick freezing
canned speclelities In industry 2037.

Cenned Frults, Vegetebles, Preserves, Jems, end Jellies (5-89; C.
91).-—Estebil- hments primerily engeged in cenning frults end
vegetebles, end frult end vegeleble jvices; end in monufecturing
catsup end similer temetee seuces, preserves, |ems, and jellies,
Establishments primerily engeged in cenning seafoad seups ere
classified In industry 2031; end seups, except seefood, end beby
faeds in Industry 2032.

Dried end Dehydrated Frults end Vegetebles {S-96; C-89).—Estab-
lishments primarlly engaged in sun drylng or ertificelly dehydret.
ing fruits, vegetebles, end nuts, er in menufecturing peckeged
seup mixes frem dehydreted ingredients. Esteblishments primorlly
engaged In the greding end marketing ef ferm dried fruits, such
ot prunes ond reisins, ere classified in trede industries.

Pickled Frults end Vegetebles; Vegeteble Souces o:ud Seasanings;
Saled Dressings {S-79; C-82).—Esteblishments primerily engeged
in pickling end brining fruits end vegetebles ond in manufectur-
Ing saled dressings, vegetoble relishes, seuce:, ond seesenings.
Esteblishments primerlly engeged In menufocturing cetsup end
similar tomete sauces are clessified in industre 2033, and lhese
packing purchesed pickles ond ellves In trede incustries,

Fresh or Frazen Pockoged Fish (5.95; C-94).—Estoblishments prie
merily engeged in preporing fresh, an< raw er ceoked frozen
peckeged fish end other seofeed. This Industry elso includes es-
tablishments primerlly engeged in the shucking end pecking ef
fresh eysters in nensealed cunteiners.

Frezen Frults, Fruit Juices, Vegelables end Specielties (S-89; C-89).
—Establishments primerily engeged in quick freezing ond cald
pecking (freezing) frults, fruit julces, vegetebles, end speciolties.
Excluded frem this Industry are estoblishments primerily engaged
in packing fruils ond vegetebles fer freezing but not freezing the
praduct; cold sterage woreheuses freezing feeds for others, frazen
faed lorker ond other esteblishments freezing for individuol cen:
sumers ar farms end renches preducing frezen frults end vegeta-
bles. Esteblishments primerily freszing meats ond peuitry ore in-
cluded in industry Graup 201, Meet Preducts,

GRAIN MILL PRODUCTS; —Esteblishments in this group ef in
dustries frequently supplement their .ionufecturing ectivities
with sales of grein end ef commedities preduced elsewhere.
Such esteblishments were clessified in monufecturing if at leest
25 percent af their tetai receipts were frem menvofcturing
ectivities, except fer industry 2042, Prepered Feeds for Ani.
mels end Fewls, where It wos required thet recelpts frem monu.
fecturing exceed receipts frem merchondising. Most esteblishments
which mixed seme feed but did net meel these criterio were
included in the 1963 Census ef Business, except fer some
whase principel ectlvity {e.9. cuslom miillng) feil eutside the
scope of any of the 1963 econamlc censuses.

Flour ond Other Graln Mill Products (S-94; C-78).—This Industry
cemprises esteblishments primerily engeged In miiling fleur or
meel from graln, except rice (industry 2044), The products of
fleur mills mey be soid ploin er in the ferm of prepered mixes
for specific purposes. Estobfishments primerily engoged in monu-
focturing prepered flour mixes from purchosed ingredients ore
clossified In industry 2048,




Prepared Feeds far Animals and Fawls (5-96; C-93).—This industry
camprises estabtishments primarily angaged in manufacturing pre-
pored feeds far animals and fowls. Prepared feeds Include poul-
try feed, livestack feed, dog foad and other pet foads (canned,
frazen, and dry}). This indusiry alsa Includes establishments prl-
marily engoged in manufacturing certain feed ingredients and
adjuncts, such os alfalfa meal, feed supplements, and feed can-
centrates. Mills primorily engaged in custam grinding af feeds ar
ather agricultural services are excluded fram the census af maonu.
foctures.

Substantial quantities of prepared feeds are mlxed at lacotions
which are nat inctuded in the census af manufactures, such os
grain elevatars, custam ar grist mills, farm supply stores, chick
hatcheries, cammercial brailer raising establishments, and cattle-
feeding operatians,

Cereal Preparatians (S-80; C-86).—This industry comprises establish-
ments primarily engoged in manufacluring cereal breakfast foods
ond related preparatians. Esteblishments primarily eigoged in
manufacturing carn and haminy ~rits far human cansumption are
classified in industry 2041,

Rice Milling {5.100; C-100) —This industry camprises establishmenls
primarily engaged in cleaning and palishing rice, and in manu-
facturing rice four ar meal. Impartont praducts of this industry
include brawn rice, milled rice (including palished rice), rice
palish, rice bron, ond rice flaur.

8lended and Prepared Flaur (S:78; C-62).—This industry camprises
establishments primarily engaoged in the preparotion of btended
flours and flour mixes fram purchased flour {including flour trans.
ferred fram flour mills awnad by the same company). Impartani
praducts af this industry include phosphated and self-rising flaur
ond prepared flour mixes such os biscuit, coke, daughnut, and
poncake mixes. Establishments making the same praducts fram
flour milled at the same lacation are classified in industry 2041.
Priar ta 1963, refrigerated doughs were not specifically listed an
the repart forms. The praducts usuatly were classified In either
industry 2037, ar industry 2099, depending upan the descriptian
aof the refrigerated daugh furnished by respandent,

Wet Corn Milling (5.83; C-93).—This Industry compi:ses estoblish.
ments primarily engaged in mitling carn ar sarghum grain [milo})
by the wet pracess, and praducing starch, sirup, ail, sugar, and
bypraducts, such as gluten feed and meal. Establishments primor.
ily engoged in manulacturing storch from other vegetable saurces
[potata, wheat, etc.) ore alsa included. Establishments primarily
eagaged in manulacturing loble wiwey fram coamm sirsp and ather
ingrodisnti, and 1hoie monufocturleg ilarch boie deviert powdon,
oie clowifind in indetry 2099; thoie primanily sageged in manus
letturing corm maeal gnd griti are classified in industry 2041, Es-
lablivhmenty prirdrily engogad in manwiacturing loundry forchen
are clonified n indestry 28437,

BAKERY PRODUCTS:

8read ond Other Bakery Praducts, Except Cookies and Crackers (S
98; C.99).—Establishments primarily engaged in manufacturing
bread, cakes, and other “‘perishable’’ bakery praducts. Establish.
ments primarily engaged in praducing **dry'' bakery praducts,
such os biscuit, crackers, and pretzels are classified in industry
2052. Estailishments praducing bakery praducts primarily far di-
rect sale an the premises ta hausehald cansumers are classified in
retall trade, industry 54462. Establishments manufacturing bukery
praducts far sale primarily far hame service delivery, or thraugh
ane ar mare nonbaking retail outlets, are included in industry
2051,

Cackies and Crackers {5.97; C.95).—Estabtishments primarily en-
gaged in monufacturing biscuit (except raised biscuit), crackers,
ond similar ‘“*dry’' bakery praducts. Establishments primorlly en-
gagea in praducing '‘perishable’’ bake:y producls are clossified
in industry 2051.

SUGAR:

Cane Sugar, Except Refining Oniy (S-99; C.100).—Establishments
primarity engaged in manufocturing raw sugar, sirup, ar finished
(granulated ar clarified) cane sugar from sugar cane. Establish.
ments primarily engaged in refining sugar from purchased raw
cane sirup ar sugar sirups are classified in indusley 2062.

Cone Sugar Refining {$.100; C-100).—Establishments primerily en.
gaged in refining purchosed raw cane sugar and sugar sirup,

8eet Sugar (5-100; C.100).—Establishments primarily engaged in
manufacturing sugar fram sugar beets,

CONFECTIONERY AND RELATED PRODUCTS:
Condy and Other Canfectianery Praducts (5-9%; C.95).—Establish-

ments primarlly engaged in manufacturing candy, including chac-
alole candy, salted nuts, other canfections ond related praducls.
Establlshments primarily engaged in manufocturing salid chaca-
late bars are classified In industry 2072, and chewing gum in In.
dustry 2073, Estoblishmenls primarily engoged In manufacturing
canfectianery for direct sale an the premises and thase primarily
engaged in shelllng and raasting nuts are clossified in trade In-
dusirles,

Chacalale and Cacaa Praducts (5-99; C-82).—Establishments primar-
ily engaged In shelling, raasting, and grinding cacaa beans for
the purpase af making chocalate liquar, fram which cacaa paw-
der and cacao butter are derlved, and In the further manufacture
af solid chacolate bars and chocalote caatings. Establishments
primarily engaged in manufacturing praducts except candy tram
purchased chacatate and cocaa are classified In Industry 2099,
and chacalate candies in Industry 2071,

Chewing Gum (S.88; C-96).—Establishments primarily engaged in
manufacturing chewing gum ar chewing gum base,

BEVERAGES:

Malt liquars {S-100; C-100).—Establishments primarily engoged In
manufacturing all kinds of malt liquars. Establishments primarily
engaged in bottling purchased malt liquars are classified in Irade
industries.

Malt ($-100; C.95).—Establishments primarily engaged In manufac:
luring malt ar malt byproducts from barley ar ather arains,

Wines, 8randy, ond 8randy Spirits (5.98; C.99)).—Establishments
primarily engaged in monufacturing wines, brandy, and brandy
spirits. This industry alsa Includes banded stareraams which are
engaged in blending wines. Estoblishments primarily bottling pur-
chosed wines, brandy and brandy spirits, but which da nat man-
vfacture wines and brandy are ciassified in trade industries.

Distilled, Rectified, and 8lended Liquars {5.98; C-99).—Fstablish-.
ments primarily engaged In manufacturing alcohalic liquars by
distillatian and rectificatian, and in manvfacturing cardials and
alcahalic cackiails by blending pracesses, or by mixing liquars
ond ather ingredients. Establishments primarily eagaged in manu-
facturing industriol olcahal are classified in Industry 2818, and
thase anly battling purchased fiquars In trade industries,

8attled and Conned Soft Drinks and Carbanated Waters (5.98; C-
95).—Establishments primarily engaged in manufacturing soft
drinks (nonalcohalic beverages) and carbanated waters. Establish-
ments primarily engaged in manufacturing fruil and vegetable
juices are classified in industry 2033, fruit sirups far flavaring In
industry 2087, and clder in Indusiry 2099, Establishmenls primar-
ily engaged in battling natural spring waters are classified In
trade industries.

Flavaring Extracts and Flavaring Sirups, N.E.C, {5.90; C.79).—Es-
tablishments primarily engaged in manufacturing flavaring ex-
tracts, sirups, and fruit julces, n.e.c.,, for sada fauntain use or
far the manufocture of saft drinks, and colars far bakers' and
confectianers’ use. Establishments primarily engaged in manufac.
turlng chocolate sirup are classified in industry 2072, and mixed
ar blended sweetening sirup and malasses in industry 2099,

MISCELLANEOUS FOOD PREPARATIONS AND KINDRED
PRODUCTS:

Cattanseed Oil Mills (5-89; C-91).—Eslablishments primarily en.
gaged In manufacturing cattanseed ail, and byp’aduct cake,
meal, and linters. Establishments primariyy engaged In refining
caltonseed ail into edible cacklng ails are classified in industry
2096.

Saybean OIl Mills (5-89; C-95).—Establishmenis primarily engaged
In manufacturing saybean all, and byproducl cake and meal. Es.
tablishments primarily engaged in refining saybean ail inta edi-
ble caaking ails are classified In Industry 2094,

Vegetable Oil Mills, Except Corn, Cattanseed, and Saybean (S-84;
C-83).—Establishments primarily engaged in manvfacturing vege-
table ails and bypraduct cake and meal, except carn, cattanseed,
and saybean. Establishments primarily engaged In refining vege-
table ails inta edible cooking oils aore classified in Industry 2096,
aond thase refining these oils far medical purpases in industry
2833.

Animal and Marlne Fals and Qils, Including Grease and Tallow
[5-94; C.64).—Establishments primaril, engaged in rendering in-
edible grease and tallow fram animal fat, bane, and meat
scrapes, aor In manufacturing animat oil, n.e.c., including fish
all and ather morine animal oils, ond bypraduct meal, Estab-.
lishments primorily engaged in refining marlne animai ails far
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medicinal purposes ore clossified in industry 2833, Estobilsh-
ments primarily engoged in manvufacturing fotty ocids ore
clossified in industry 2899, Estoblishments primorily engoged in
monufocturing lord ore clossified in Industry Graup 201,

This Industry cembined Iwo Industries thot wers ieporote under
the previous cinssificotion system: Industry 2094 ond indusrty
2095.

Roosted Caffoo {S-90; C.99).—Estabilshments primorily engoged In
the manufocture of raosled ond concentroted coffes. Roosted cof-
fee moy be whale bean or graund. Concentrated coffos produced
moy be in elther liquld or pawdered farm.

This 1s o now Industry clossificotion. Previously, roosted coffos
wos clossified In industry 2099,

Shortening, Toble Olls, Margorine ond Other Edible Fats ond Olls,
N.E.C. {S-88; C-89).—Estoblishments primorily ongoged in manu-
focturing shortening, toble oils, margarine, ond other edlble fols
ond olls, n.o.c., by further pracessing aof onimai aond vegetablo
oils. Estoblish ts primority engoged In praduclng corn oil ore
clossified in Industry 2046.

Maonufoctured fce (S-99; C.100).—Establishments primarlly ongogod
in monufocturing lce for sote. lco plonts operoted by pubilc wtil-
ity campanies ore included in this industry. Establishments prl-
morily engoged in monufacturing dry ico oro classified In indus-
try 2813, ond the horvesting ond storoge of notural ice far solo
in trodo industrios.

Mocorani, Spaghetti, Yermicelli, ond Noodles {S-96; C-94).—Estab-
lishments primarily engoged in manufocturing dry mocaroni, spa-
ghetti, vermiceili, ond noodles. Estoblishments primarlly engoged
In manufocturing connod mocoroni, spoghetti, otc., oro clossified
in Industry 2032,

Feod Preparotians, N.E.C. (S-91; C.78).—Establishments primarily
engaged in manufacturing prepored foods ond miscolloncous spo-
ciofties, n.e.c., such os boking pawder, yeast, ond other leoven-
ing compounds; desserts (ready-to-mix); sweetenlng sirups and
molosses; vinegor and clder; chacalote ond cocao products, ex-
cept canfectianary, made fram purchosed chacalote; patota and
carn chlps, sticks, etc. {bogged or connod); ond othor foad prep-
orations not elsewhero clossified.

Tho definltion of thls Industry wos chonged fram tho previous
definition. Roosted coffee wos remaved from this Industry ond is
now seporotely deflned as industry 2095,

TOBACCO MANUFACTURES

This major gravp Includes establishments engoged in monufoc.
turing cigarettes, clgars, smoking ond chewlng tabacco, ond snuff,
ond in stemming ond redrying tobacca. The manufocture of insecti-
cides from tabocco bypraducts is includod in Mojor Group 28,

CIGARETTES:

Cigorettes {S-97; C.107,.—Establishments primorily engoged in the
manufacturo of cifarettos.

CIGARS:

Cigors {5-100; C 100).—Establishments primorily ongogod In the
manufacture of cigars.

TOBACCO (CHEW'NG AND SMOKING) AND SNUFF:

Tobocco {Chewing and' Smaking) and Snuft (5-97; C-47).—Estoblish-
ments primorlly engaged in tho monufacture of chewing ond
smoking tobocca ond snuff.

TOBACCO STEMMING AND REDRYING:

Tobocca Stomming ond Redrying (S-100; C-100).—Estoblishments
primority engoged in tho ttomming and redrying of tobocco, Es-
tablishments which sell leaf tabocca os merchant wholesaters,
agenls, or brokers, ond which alsa may be engoged in stemming
tabocco ore nat incinded in this industry, leof tobocco wore-
houses which may be engaoged in stemming taobaocco ore not
Included in this industry.

TEXTILE MILL PRODUCTS

This malar group includes establishments engoged in perform-
ing ony of the fallowing aperatians: {1} preparation of fiber ond sub.
sequent manufocturing of yarn, thread, broids, twine, ond cordogo;
{2) manufocturing broad waven fabric, narrow waven fabric, knit fab-
ric, ond corpets and rugs from yarn; {3) dysing ond finishing fiber,
yorn, fobrii and knit apporel; {4) cooting, woterpracfing, or other-
wiso troatin, fobric; {5) the Integroted monufacture ¢ knit opporol
and other finished artlcles fram yorn; ond (6) the maenufacture of
felt goods, loce goads, banded-fiber fabrics, ond miscelloneaus
toxtiles.

Thit clossification maokes na distinctlon betweon tho two lypes
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of orgonlizations which operate In the textils Industry: (1) the *‘Inte-
grated’’ mill which purchoses matertois, produces textlles and reioled
articies within tho ostoblishment, ond sells the finlshed praducts; ond
{2) the ''conlrocl’’ or ‘‘commisslon’’ aill which processes materiols
awned by athers. Canverters or othor non-monufocturing estobiish-
ments which ossign motoriols to controct mills for procossing (olhar
thon knitting) oro clossifiod in non-monufocturing industries; estoblish-
ments which ossign yorns ta autside controctors or commissian knitters
far the praduction of knit products oro clossified In Industry Group
225.

BROAD WOVEN FABRIC MILLS, COTTON:

8rood Woven Fobric Mllls, Cotton ({S-92; C-80).—Estabilshments
primorily ongoged in weaving fobrtcs over 12 Inches in width,
whally or chlofiy of catton. Estoblishments primarlly engagoed in
weaving cottan corpets ond rugs oro clossified in industry 2271;
those tufting corpets and rugs In Industry 2272; ond thase mak-
ing tiro ond cord fobrlc i "' etry 2296,

In the product coding s siam for tho 1963 Census of Manufoc-
tures, finished coftan fabrics ond certolr cattan fabricated prod-
vcts wore classified os primary to indus 'y 2211 when mode In
weaving mills. Simllor products made n non-weoving ostablish-
ments were classified o« primary to tho voproprioto Industry; for
oxamplo, shoots mado in strictty cut-ond-.ew plonts were ciossl-
fled os primory ta industry 2392,

BROAD WOVEN FABRIC MILLS, MAN-MADE FIBER AND
SILK:

8raud Waven Fabric MIlls, Man-Mode Fiber and Sitk (S-84; C.82).
—Establishments primorily engoged In weaving fabrles over 12
inchos in width, wholly ar chiofiy of sitk ond mon-made fibers
inzluding gloss. Establishments primorily engoged In woaving cor-
pets ond rugs from these flbers ore ciossifle din Industry 2271;
thase tufting corpets and rugs from these fibers in Industry 2272;
and those making tire cord ond fobric in industry 2296.

In the product cading system far tho 1963 Consus of Manufac.
tures, finlshed synthetir and sllk fobrics ond blonkets were clossi.
fied os primary to industry 2221 when modo in wooving mills.
Simllar products mode in non-weaving establishments were clossi-
fied os primary ta the oppropricte Industry; for oxomple, syntho-
tic fabrles finished In establishments engaged only in dyelng or
printing wore clossifiod os primory lo industry 2262.

BROAD WOVEN FABRIC MILLS, WOOL: INCLUDING DYE-
ING AND FINISHING:

8raod Woven Fobris Mills, Woal: Inctuding Tyelng ond Finlshing
{S-86; C-96).—Estoblishments primorily ongoged in wooving fab-
rles over 12 inchos in width, whoily ar chiefiy by welght of
waal, mahoir, or simitar animal fibers; those dyeing and finish-
ing waven waol fobrics or dyeing wool, taps, or yorn; and thase
shrinkilng ond sponging woal goods for the trado. Estoblishments
primarily engoged In weoving woal carpets ond rugs ore ciossi-
fied in industry 2271, ond thase tufting waol carpets ond rugs in
industry 2272,

NARROW FABRICS AND OTHER SMALLWARES MILLS:
COTTON, WOOL, SILK, AND MAN-MADE FIBER:

Narraow Fabrics and Other Smaollweres Mills: Cattan, Waal, Silk,
ond Man.-Mode Fiber {S.91; C-97).—Estoblishments primarlly en-
gaged In weaving or brolding fobrics 12 inchos or narrower In
width aof cottan, wool, silk, ond mon-mode fibers, including glass
fibers. Establishments primarlly ongogod In woaving or brolding
fobrics 12 inches or norrawer in width of fabric-covered elostlc
yarn ore olso included in this industry,

KNITTING MILLS:

Wamen's Full-Length ond Knee.length Hasiery, Soomioss ond Full.

Foshioned {S-96; C.94)'.—Eitoblishments primorily ongaged in
knitting, dyeing, ar finishing women's ond misses’ full-iz2,th ond
knee-length hosiery, bath seamless and full-foshlaned.
This new industry definition represents o substontioi revision from
the clossification system used in 1958, Prior ta 1963, industry
2251 included estoblishments primorily engoged in production of
full-foshloned hasiery, while industry 2252 cansisted of establlsh.
ments engaged primorily in tho productian of seamless {(circuiar
knit) hosiory. For 1963, tho clossifications for hosiery mlilis wore
revised to inciude In 2251 those mills primarily engoged in pro-
duclng wamen's ond misses’ hosiery, except socks, ond in 2252
mills engoged in praducing oll aother hosiery.

Ho'iery, Except Women's Full-length ond Knee-length Haosiery {S-
91; C.96).—Establishments primarily engnged in knitting, dyeing,
or finishing hosiery, excopt women's ond missos’ full-tength
ond knre-length seamtess and fuli-fashlaned hasiery. See de-
finition of Industry 2251, above, for revislan of the SIC for this
industry os of {963.




' #
i .
2253 Knit Outerweor Mills (5.92; C.97).—Estabilshments primoriiy en- throwing, twist’g, winding, or spooling yorn srholly or chlofly
5 goged in knitting outerweor from yorn, or in manufocturing out- by welght of cotton, mon.made fibars, or silk, Estoblishments pri.
: erweor from knit fobric produced in the some estobilshment, Es- morily engoged in dyelng or fini.aing purchosed yorns or finish.
toblishments primarily engoged in hond knitting outerweor for Ing yarns on o commission basis ore ciossified In industry 2269,
the trode ore included in this Industry, Estoblishments primorily
engoged In monulocturing woven or purchosed knlt fobric gloves 2283 Yarn Mlils, Wool, including Corpel ond Rug Yers (5-85; C.82).—
ond miMtens are ciassified in industry 2381, and those monufoc- Establishments primarily engoged in spinning, twisting, winding,
tur ng outerweor from purchased knlt fobric In Major Graup 23. of spooling yarn (Including carpet ond rug yarn) whally or
chiefly by welght of waoi, mohair, ar similor onimol fibers.
i 2254 Knlt Underweor Mllls (5-89; C.91).—Establishments primarily en- Estoblishments primorlly engoged in dyeing or finishing pur.
4 goged in knitting underweor ond nightweor from yorn, or In chosed yorn or finishing yorn on o commisslon bosls ore clossi-
4 monufocturing underweor ond nightwear from knlt fobric pro. fied In Industry 2230,
] duced In the some estoblishment, Estoblishments primarlly en.
- goged in monufacturing underweor ond nightwear from purchosed 2284 Thread Mills {5.93; C.90).—Estoblishments primorily eny, aged In
knit fobric ore classified In Molor Group 23. monufocturing threod from noturol or mon-mode fiber excep! flox
1 {Industry 2299) and wool (industry 2283), Imporlont products of
i 2256 Knlt Fobric Mills (5.95; C.93).—Estobiishments pllmori!?' engoged this industry include sewlng, crachet, darning, embroldery, fol-
1 ;nbk'nlning tubular ar flot fabric, ond In dyelng or finishing knlt ting, hond knitting, ond othor handicroft threods.
: obric.
s 2259 Knitting Mills, N.E.C. (5.93; C.86).—Estoblishments primarily en. 229  MISCELLANEOUS TEXTILE GOODS:
9oged in knitting glaves and other articlos, n.e.c. Establishments 29 Felt Goads, Except Woven Feits, ond Hats (S-86; C.88).—Estoblish.
q primorily engoged in cutting and sewing dress, semidress, ond menls primorliy engoged In monufacturing pressed feit, regarcioss
L work gloves ond mittens from purchosed knli fobrics ore clossi- of fiber, by means of heot, moisture, ond pressure; ond thaso
= fied In industry 2387, making punched felt far rugs, cushions, ond other products from
hair, jute, wooi, or othor fbers by the noedle loam process. Es-
270 “YEING AND FINISHING TEXTILES EXCEPT WOOL toblishments primoriiy engoged Iin monufocluring woven wool
4 ! felts and wool halrcloth ore classified In industry 2231, and
¢ FABRICS AND KNIT GOODS: those monufocturing felt hots in Industry Graup 235. b
. 228) F nishers of Brood Waven Fobrics of Cofton (5-8); C401).—
Estoblishments primarily engaged in finishing purchosed cotton 2292 loco Goods (S5:98; C.91).—Estoblishments primorily ongoged In
3 brood woven fobrics, or finishing such fobrics on @ commission monufocturing loco mochine products, ond those primorlly en-
3 bosis, These finishing operations include bleoching, dyeing, print- goged in dyelng ond finishing loce goods, Estobllshments prl.
¥ ing {railer, screen, flock, plissé), ond other mechonlcal finishing morlly engoged In manufocturing Schifi mochine embrolderlos
. such os preshrinking, coiendering ond noppling. This Industry oiso are clossified#In industry 2397,
i in 1 Inki n 4 an
; !h:lvg::mltzll;’n?lh?ngg G'r;d' '::v:rl-“r:pfl'lo‘n‘:;,h f'it:o.y'::i"::f:; on: 2293 Poddings ond Upholstery Filling (S-84; C.81).—Estobllshments prle
mlidew-proofing. Estobliskmonts primorlly engoged In finlshing morlly engeged in manufocturing batting, podding, wodding, ond
wool brood woven fabrlcs ore classifted in industry 2231; knlt ﬂ"'l“ﬂ for upholstery, plliows, quilts, and apporei from curled
9oods in Industry Group 225; ond those cooting or Impregnoting hoir, cotton miil waste, moss, hemp tow, flox tow, kopok, ond
fobrics in industry 2295, reloted moteriols. Estoblishments primorily engoged in monufac.
turing wood excelsior pods ond wroppers oro clossified in indus.
2262 Finishers of Brood Waven Fobrics of Mon-Mode Fiber ond Silk (S- try 2429,
9i; C-46%).—~Estoblishments primorii engoged In finlshin ure
chosed mo)r\-mod: fiber ond l?"( bmoyd w:v:n fobrics or ﬁ:i|:|n° 2294 Processod Woste ond Recovered Fibers ond Flock (5-95; C.86).—Es-
such fobrlcs on o commission bosis. These finlshing operotians in- toblishments primarily engaged in procossing textile mill woste
clude bleaching, dyeing printing (raller, screen, fack, pilssé); for splnning, padding, botting, ar other uses; In rocovering tex- L
ond ather mechanical finishing such os preshrinking, colendering, tile fibers from clippings ond rags; in cutting fock From wosle,
ond nopplng. Estoblishments primorily ongoged in finlshing wool recovered fibers, or new fiber stock; ond in monufocturing ookum
brood woven fobrics ore clossifled in industry 2231; knlt goods ond twisted [ute pocking. Esteblishments primarily engoged In
in Industry Group 225; ond theso caoting or impregnoting fabrles cleoning ond sorting wiping rogs or woste ore ciossifled in non.
in industry 2295, monufacturing indusiries.
2269 Finlshers of Textiles, N.E.C, {5.89; C.844).—Estoblishments ol 2295 Adtifciol Leother, Oilcloth, ond Other Impregnoted ond Cooted /

morlly engoged in dyelng ond finishing toxtiles, n.e.c., such as

Fabrics, Except Rubberlzed (5-86; C-83).—Estoblishments pri.

bieoching, dyeing, printing, ond finishing of row stock, vorn, morily engoged In monufocturing cooted ond impregnotod tex- .
brolded goods, ond norrew fobrics, except wool. Theso establish. tlles, ond in the special ﬂnll'hlng aof textlies such as vornlshing
ments perfarm finishing operotlons an purchosed taxtiles ar on o ond woxing. Establishments primarlly engaged in tebbarizing i
commission bosis, purchosed fobrics ore ciossifed In industry 3049, ond those
primorily ongoged in dyeing ond finishing textlies in Industry B
Group 226,
227 FLOOR COVERING MILLS:
227 Woven Corpets ond Rugs (§.77; C-92).—Estoblishkments primerily 2296 Tire Cord ond Fobric (S-87; C-91).—This industry comprises estob.
engoged in weoving corpels ond rugs from ony textile yorn. lishments primerily ongoged In monufocturing cord ond fobric for
Importun® products of thls industry include Axmlinster, Wilten, use In roinforcing rubber tires, Industriol belting, fuel celis, ond k.,

veivet, chenille, ond similor waven corpels and rugs; ond
woven outorobile ond aircroft floor coverings.

similar vsos,

2297 Wool Scouring, Worsted Combing, ond Tow 1o Top Mlils (5-94; C.
69).—This industry comprises ostoblish s primorliy engoged in
processing textlie fbers to prepare them for spinning. Impartant

. 2272 Tufted Corpets ond Rugs (5.96; C-96).—Estoblishments primarily
engoged in tufting corpets ond rugs from ony textile fbar, |m.
portant products of this industry include fufted carpets, rugs, pracesses Included in this industry are wool scourlng and corbon. i
scofter rugs, ond bothmols ond bathmot sels excopl terry waven, izing, ond combing ond converting fop. 3
Finishers of theso products olso ore included in this industry, i

2298 Cordogo and Twine (5.90; C.87).— *stoblishmonts primorily engoged

In manufocturing rope, cable, ¢oidage, twine, ond roioted prod.

2279 Corpets ond Rugs, N.E.C. (5-89; C.46).—Estoblishments primorily

1 engoged in monufocturing rugs, carpels, ort squares, floor mot- ucts  from abaco {Monilo), sslai, henequeon, homp, colton, -
- tings, daar mots ond mottings from twisted poper, grosses, reods, poper, juts, flox, mon-modo fbors including gloss, ond other ¢
: coir, sisol, jule or rags. Estobilshments primorlly engoged In fibers. A
monufacturing hord.surface floor caverings, excopt rubber ond b
cork, ore classified In industry 3982, 2299 Textlle Goods, N.E.C. {5.85; C-82).—Esfoblishments primorlly en- i

goged In monufocturing linen goods, [ute goods except feif,
bonded fiber fobrics except felt, ond other textile goods, n.e.c.
Estobilshments primorily sngoged In monufocturing woven felts -
ore clossified In Industry 2231, nonwoven fells In Industry 2291,
ond cordage ond twino In industry 2298, 4

228 YARN AND THREAD MILLS;

2281 Yorn Splnning Mills, Coften, Mon-Mode Fibers, ond §ilk (5-96; C.

83).—Estoblish ts primorlly engoged in splnning yorn wholiy
: or chiefly by welght of catten, mon.maode fiber stopie, or silk
g stople. Establishments ptimorily engoged in dyelng or finishing
purchosed yarns or Anlshing yorns on o commisslon brsle are
clossified In industry 2269,

23 APPAREL AND OTHER FINISHED PRODUCTS MADE FROM
FABRICS AND Si’aILAR MATERIALS
This malor group, known os the cutting-up or noedle ftrodes, 3
Includes estoblishments primarily producing opporel ond fobricoted :
products by cutting ond sewing pruchosed woven or knit textlle fob-

A 2282 Yorn Throwlng, Twisting, ond Winding Mills, Cotton, Mon-Mode Fi.

bers and Sllk {S.95; C-87).—Estoblishmonls primorily engoged in
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rics ond related materials such as leather, rubberized fabrics, pastics
and furs,

Cavered in the apparel industries are three types af estublish.
ments: {1} the ‘‘regular’’ ar inside factaries; {2} cantract factaries;
and {3) appare! jabbers. The ‘‘regular’' factaries perfarm all of the
usual manufacturing functians an materiuls owned by themielves
within their awn plants; the cantract factaries monufacture apparel,
an a cantract ar cammissian basis, on materials supplied ta them by
athers;: and apparel jabbers perfarm anly enirep:eneurial funciions
af a manufacturing establishment such as the purchase af raw ma-
terials far their awn accaunt, the design and preparatian aof samples,
arrangement with autside faclaries {cantractars) for the manufacture
af garments fram materials supplied by such jabbers, and the sale
af finished apparel.

Custam tailars and dressmakers nat aperating an o factary
basis are classified in nanmanufacturing industries. Establishments
which primarily r..rchase and resell finished garments but do nat per.
farm the functians of apparel jabbers ar manufacturers are classified
in the whalesale trades.

The maijar graup elsa includes manufacturers af fabricated tex-
tile praducts (ather than apparel} fram purchased fabrics, typiactty by
cutting and seing ar the perfarmance af sewing ond related services
an textile and similar materials far the trade.

MEN'S, YOUTHS', AND BOYS' SUITS, COATS, AND OVER.
COATS:

Men’s Yauths’, and Bays' Suits, Caats, and Overcaats (8.92; C.96).
—Establishments primarily engaged in manufacturing men's,
yauths', and bays' suits, caats, and avercaats. Establishments pri.
marily engaged in manufacturing unifarms {military, palicemen’s,
firemen's, eic.) ond tailared dress and snrat caats, are atsag in-
cluded in this industry. Establishments grimarily engaged in man-
vfacturing  men's wark and spart  garments {such as
lumber-[ackets, ski suits, and riding garmenty) are classified in
Industry Graup 232, Men's, Yauth and Bays' Furnishings, Wark
Clathing, ond Aliied Garments,

MEN'S, YOUTHS', AND BOYS' FURNISHINGS,
CLOTHING AND ALLIED GARMENTS:

Men’s, Yauths', and Bays' Shirts (Except Wark Shirts), Callars, and
Nightwear (S.85; C.81%),—Establishments primarily engaged in
manufacturing men's, youths' and bays' shirts, callars, and
nightwear cut and sewed fram purchased waven ar knit fobric.
Estoblishments primarily engaged in manufacturing knit auter-
wear spart shirts fram purchased knit fabric are alsa classified
in this Industry, Establishments primarily engaged in manufac-
uring wark shirts are classified in industry 2328, Knitting milts
primarily engaged In manufacturlng nighlwear are clossified in
industry 2254, and knit auterwear spart shirls in industry 2253,
Men's and bays' knit nightwear mad. in knitting mills is in.
cluded in industry 2254,

‘WORK

Men’'s, Yauths', and Bays' Underwear [S-89; C-31%).—Establishments
primarity engaged in manufacturing men's, yauths', and bays’
underwear cut «ad sewed fram purchased waven ar knit fabric.
Knitting mills primarily engaged in manufacturing underwear are
classified in industry 2254,

Men's, Yauths', and Bays' Neckwear {5-98; C.98).—Establishments
primarily engaged in manufacturing men's, yauths’, and bays'
necklies, scarfs, and muffers cut and sewed fram purchosed
waven ar knit fabric. Knitting mills primarily engagnd in manu-
facturing neckties, scarfs, and mufers are classified in industry
2253.

Men's, Yauths', and Bays' Separate Trausers (S-8J; C.78).—Estab-
lishments primarily engayed in monufacturing man’s, youths', and
bays' separate ftrausers and slacks. Estahlishments primarily
engaged in manufacturing camplete suits are ciastified in industry
2311, ond wark pants In industry 2328

Wark Clathing (5-81; C.90).—Establishments primarily engaged in
manufacturing men's and boy:' wark shirts, pants, and ather
wark clathing and washable service apparel.,

Men’s, Yauths’, ond Bays' Clathing, N.E.C. 1S-83; C.47%),—
Establishments primarily angoged in manufacturing men's,
yauths', and bays' clathing, n.e.c. Establishments primarily en-
gaged In manvfacturing pala and spart shirts are classified In in-
dustry 2331: separate trausers in industry 2327; wark clathing In
Industry 2328; ond leather and sheeplined garments in industry
2386. Men's and bays' knit sweaters and ather kntt culerwear,
n.e.c., made in knitting mills are classified as primary praducts
of industry 2253, white men's and bays' knit auterwear, n.e.c.,
cut and sewed fram purchased knit fabric are included in Indus.
try 2329,

WOMEN'S, MISSES', AND JUNIORS' O'JTERWEAR:
Btauses, Waists, and Shirts (S-86; C.69)%.—Establishments primarily
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engaged in manufacturing wamen's, misses', and juniars’ blauses,
waists, and shirts fram purchased waven ar knit fabrics. Estab-
lishments making knit autarwear shirts fram yarns knit in the
same establishmen* are classified in industry 2253,

Dresses {5.96; C-96).—Establishments primarily engaged in manu-
facturing women's, misses’, and juniars' dresses, including ensem.
ble dresses, whether sald by the piece ar by the dozen. Knitting
mitls primarily engaged in manufacturing wamen's, misses', and
funiars® knit dresses and suits ure clossified in industry 2253,

Suits, Skirts, and Caats (S-88; C.92).—Establishments primarily en.
gaged in manufacturing wamen's, misses’, and juniars® suits,
skirts, and coats except fur caots and raincaats. Establishmenrs
primarily engaged in manufacturing fur garments are classified in
industry 2371, raincaats in industry 2385, ond knitting mills pri.
marily engaged in monufacturing knit auterwear in industry
2253.

Wamen's, Misses’, and Juniars’ Outerwear, N.E.C. (5-80; C.55)¢,
—Establishments primarily engaged in manufacturing wamen's,
misses’, and juniars’ auterwear, n.e.c., cvt and sewed fram
purchased waven a- knit fabric. Knitting mills primarily engaged
in manufacturing auterwear knit sweaters and ather knit auter-
wear, n.e.c., are classified in industry 2253,

WOMEN'S, MISSES', CHILDREN'S, AND INFANTS' OUTER.
GARMENTS, UNDERGARMENTS:

Wamen's Misses’, Children’s, ond Infants' Underwear and Night.
wear {S.93; C.85%).—Establishments primarily engoged in man-
vfocturing wamen's, misses’, children's, and infants' underwear
and nightwear cut and sewed fram purchased waven or knit
fabric. Knitting mills primarily engaged in manufacturing under-
wear and nightwear are classified in industry 2254,

Corsets and Allied Garments (5:95; C-97).~—Establishments primarily
engaged in manufacturing carsets, arset accessaries, and ollied
garments, Establisthments primarily engaged in manuiacturing
surgical and arthopedic appliances are classified in industry
3842, and in manufacturing garter belts, in industry 2398,

HATS, CAPS, AND MILLINERY:

Millinery {S-100; C-100).—Establishments primarily engaged in man-
ufacturing wamen's,” misses’, children’s, and infants' millinery.
Establishments primarily engoged in manufacturing  miliinery
briid and trimmings are clossified in industry 2396,

Ha's and Caps, Except Millinery (5.98; C.98).—Estabtishments pri-
marily engaged in manufacturing hats, caps {except millinery)
and all hat badies. Knitting mills primarily engaged in manufac.
turing caps are classified in industry 2253,

GIRLS', CHILDREN'S, AND INFANTS' OUTERWEAR:

Dresses, Blauses, Waists, and Shirts {S:90; C.82¢).—Establishments
primarily engaged in manufacturing girls’, children's, and In.
fonts' drecses, blauses, waists, and shirfs, cut and soewed fram
purchased waven ar knit fabric. Knitting mills primarily engaged
in monufacturing auterwear af this type are classified in industry
2253,

Caats and Suits {5-92; C-85).—Establishments primarily eagaged in
manufacturing girls’, children's, and infants' caats and wits, cut
and sewed fram purchased waven ar knit fabric. Knitting mills
primarily engaged in manufacturing auterwear aof this type are
classified in industry 2253.

Girls', Children’s and Infants’ Outerwear, N.E.C. {5:79; C.67¢).—
Establishments primorily engoged in manufacturing girls’, chil.
dran’s, and infants' auterwear, n.e.c., cut and sewed fram pur.
chased waven ar knit fabric. Knitting mills primarily engaged in
manufacturing swealers and ather aulerwear, n.e.c., are clossi-
fied in industry 2253,

FUR GOODS:

Fur Gaads (5.99; C.100),—Establishments nrimarily engaged in
manufacturing fur caats, and other garment: accessaries, ond
trimmings made aof fur. Establishments primani; engaged in
manufacturing  sheeplined clathing are ctassified in industry
2386, and thase engaged in dyeing and dressing af furs In
industry 3992,

MISCELLANEQOUS APPAREL AND ACCESSORIES:

Dress oand Wark Glavas, Except Knit and All leather {5-94; C.824),
—Establishments primarily engaged in manufacturing dress, semi.
dress, ond wark glaves and mittens, cut and sewed fram pure
chased waven ar knit fabric, ar these materials cambined with
leather. Knitting mills primarily engaged in manufacturing glaves
and mittens are clossified in industry 2259; ectablishments pri-
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marily engoged in monufocturing leather gloves In Industry 3151,
and those manufacturing rubber gloves In industry 3069,

Rabes ond Dressing Gawns (S-96; C-94).—Establishments primorily
angaged in monufocturing men's and women's robes and dress-
Ing gawns.

Raincools and Othar Woterproot Outer Gorments (5-92; C-93).—Es-
toblishments primarlly engoged In manufacturing raincoats from
purchased rubberlzed fobrics and other woterproaf outergarments
mode fram such moterlal as pliafilm ond cellophone. Estoblish-
ments primarily engoged in manufacturing oiled fabric ~ark gar-
ments ore clossified in Industry 2328, ond thase meavfacturing
vulconized rubber gorments ond gorments made (rar, rubberized
fabrics produced in the same establishments ar: clossified in In-
dustry 3049.

Leother and Sheeplined Clolhing (5-97; C.83).—Establishments prl-
marily engaged in manufacturing leother ond sheeplined gor-
ments. Estobllshments primorlly engoged In monufocturing leolher
gloves aond mittens are clossified in Industry 3151, and fur
garments in industry 2371,

Apporel Belts (S-91; C-94).—Estoblishments primorily engoged in
monutocturing men's ond wamen's opporel belts, regardless of
materiol.

Apparel and Accessories, N.E.C. 15-93; C-82).—Establ shments pri-
morily engoged In monufacturing suspenders, gorters, hondker-
chiefs, and aothor opporel, n.e.c., such os acodemic caps ond
gowns, vestments, and theotrical costumes.

MISCELLANEOUS FABRICATED TEXTILE PRODUCTS, N.E.C..—

These establishments ore engoged in the monufocture aof fobricoted
textile products (ather than opporet) from purcased fabrlcs. Tex-
tile mills producing fobricoted textile products from moterial
woven at the same estoblishment ore classified in the opprapriate
weaving industry (Mojor Group 22). However, establishments that
finish fobrics |bleach, dye, or print) ond then further fobrlcate
the fobrics inta end products such as sheels ore included In the
oppropriate 239 industry.

Curtains and Draperies (S-96; C-95).—Estoblishments primorlly en-
goged ‘n monufocturing curtalns ond droperies from purchased
materials,

Housefurnishings, Except Curtains ond Droperies ($-88; C.50).—
Establishments primarily engoged in monufocturing hausefurnish-
ings fram purchased moterials. Estoblishments primarily en-
goged in monufacturing curtoins ond draperies ore clossified in
industry 239). Establishments primorily praducing housefurnish-
ings fram fobrles waven ot the some estoblishment ore classified
In the oppraopriote weaving industry, generally industry 2211,

Textite Bags (S-88; C-85).—Establ.shmen!s primorily engoged in
monufacturing cattan, burlop, and other textite bags fram pur-
chosed fobrlc. Establishments primorily engged in manufocturing
plastic bogs are clossified in Industry 2643,

Canvas ond Reloted Products [5-92; C-91}.—Establishments primori-
ly engoged in monufacturing ownings, tents, ond ather caonvas
praducls from purchosed convas. Establishments primorily engoged
in monufacturing canvas bogs ore clossified in industry 2393,

Pleoting, Decarotlve ond Navelty Stitching, ond Tucking far the
Trade (5-97; C.98).—Establishments primarily engoged in
pleating, decorative ond navelty stitching, ond tucking for the
trade. Estoblishments primorily engoged in performing similar
services far individvats are classified In service industries. Es.
tablishments primarily engaged in monufacturing trimmings ore
clossified In industry 2396,

Automalive Trimmings, Apparel Findings, and Related Praducts {S-
98; C-97).—Estoblishments primorily engoged in manufacturing
outamabile trimmings, apparel findings, ond reloted praducts,

Schifii Mochine Embroideries |S-96; C.99).—Estoblishments primari-
ly engaged in monvfucturing SchifMi machine embraideries.

Fobricated Textile Praducts, N.E.C. (5-86; C.75).—Estoblishments
primarily engaged in manufacturing fobricated tfextile products,
n.e.c.

LUMBER AND WOOD PRODUCTS, EXCEPT FURNITURE

This major graup includes logging comps engaged In cufting
timber and putpwood; merchon® sawmlills, lath mills, shingle mills,
caaperage stack mills, planing lls, ond plywaod mills ond veneer
mills engaged in producing lumbh- and wood basic moteriols; and es-
toblishments engoged in manufaciiring finished orticles made entirely
or moinly of wood or wood substitutes. Certaln types of establish-
ments producing wood praducts ore clossified elsewhere. For exom-
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ple, furnlture, ond office ond store fixtures ore clossified in Mojor
Grovp 25; planos, musicol instruments, tays ond ployground equlp-
ment, ond coskets ond coffins In Malar Group 39. Woodworking in
connection with construction, In the noture of reconditioning ond re-
poir, ar performed to Individual order, Is clossified In nonmonufoctu-
ring industries.

LOGGING CAMPS AND LOGGING CONTRACTORS:

logging Comps ond Llogging Controctors {$.99; C.90).—Establish.
ments primorlly engoged In cutting timber ond In producing
raugh, round, hewn, or riven primary forest or wood raw mote-
flols. Independent cantroctors engoged In estimating or trucking
timber but who peiform no cutling operotions ore clossified in
nonmonufacturing Indusiries. Logglng ond waods operatlons con-
ducted In combinotion with sowmllls, pulp mllls, or other conver.
ting estoblishmenls, ond not seporotely reported, ore clossified In
thelr respective industry groups; nomely, with sowmllls in Indus-
try Group 242, veneer ond plywaod mllls in Industry Group 243,
pulp mllls in Mojor Graup 26, ond chorcool ond woad distitio-
tion plants In Industry Group 286. Estoblishments primori', en.
goged In the collectlon of bork, sop, gum, ond othe. farest
bypraducts are clossified in nonmonufacturing Industrles.

SAWMILLS AND PLANING MILLS:

Sowmllls ond Ploning MIlls, Generol ($-89; C.95).—Establishments
primorily engoged in sowing rough lumber ond timber from logs
ond bolts, or re-sowing conts ond filiches into lumber, Including
box lumber ond softwood cut stock; ploning mills combined with
sowmllls; ond seporotely operoted ploning mills which ore en-
gaged primorily in producing surfoced Jumber ond stondord work-
ings ar polterns of lumber. This industry Includes estoblishments
primorlly engaged In sowling loth ord rallrood tles, ond in pro-
ducing tobatco hogsheod stock ond snow fence loth. Estoblish-
ments primorlly engoged In monufocturing box shook or boxes
ore classified In Industry Group 744; ond sosh, doors, wood
molding, window ond door fromes, ond other fabricoted millwork
In industry 2431; ond hordwood dimenslon ond faoriz¢ in in-
dustry 2426. logglng corips comblined wilh sowmllls, when nat
separately reported, ore included in this Industry,

Hordwoad DImension ond Flooring Mills 15-88; C-868).—Estoblish-
ments primorily engoged In monufcluring hordwood dimension
lumber ond workings therefrom; ond other hordwood dimension,
semifobricoted ar reody for ossembly; ond hardwood floaring, £s-
toblishments primorlly engaved In monufocturing sloirwork, mold-
ing, ond trim ore clossificd In industry 2431, ond those monu-
focturing textile mochinery bobblns, plcker sticks, ond shuttles in
Industry 3552,

Speciol Product Sowmllls, N.E.C. ($.98; C.497).—Establishments
primarily engoged in monufocturing wood chlps, excelsiar, wood
shingles, and caoperoge stock, ond in sawing speclol products,
n.e.c.

MILLWORK, VENEER, PLYWOOD AND PREFABRICATED
STRUCTURAL WOOD PRODUCTS:

Millwork Plonts ($.95; C-93).—Estoblishments primorlly engoged In
monufacturing fobricoted millwork. Planlng mills primarily en-
goged in produclng millwoik ore Included In this Industry but
ploning mills primorily producing stondard werkings or potterns
of lumber ore clossified In Industry 2421,

Veneer ond Plywood Plants ($.92; C.94).—Estoblishmenls primarlly
engoged In produclng commercial veneer, either face or techni-
cal, ond those primorlly engoged in monufocturing commerciol
plywoad, Including nonwood backed or face veneer and nonwood
foced plywaod, from veneer produced In the some estoblishment
or fram purchosed veneer, Estoblishments primarily engoged In
monufacturing prefinished plywaod from purchosed plywoad are
olso clossified In this industry, Estoblishments primorily engaged
in the production of veneer which i: used in the some establish-
ment for the monufocture of end products such os fruit ond veg.
efoble baskets ore classified in industry 2443, and wood boxes In
industries 2441 ond 2442,

Prefobricoted Wooden Buildings on4 Structurol Members {S-98; C.
968).—Esloblishments  primorlly  engoged in  monufoctur g
prefabricoted wooden buildings, sections, ond ponels; or in pra-
ducing lominoled or fobricated Irusses, orches, ond other struc.
fural members of lumber. Prefabricotion on the site of con-
slructlon is not included In this Industry,

WOODEN CONTAINERS:

Naolled ond Llock Zarner Waoden Boxes ond Shook (S-85;
C.83).—Estoblishments primarily engoger in monufocturing nolled
aond lock corner waoden baxes, and which olso moy produce
shaok for noited and lock corner boxe:.
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Wirebeund Bexes and Cretes {5.92; C-93|.—Establishmenis primar.
ly engaged In manufacturing wirebaund baxes and crotes.

Venser and Plywood Canlolners except Boxes and Crotes {5-90; C.
791.—Eslablishments primorlly engoged In manufacturing veneer
and plyweod containers, except boxes. This Industry Includes
baskets made primarlly ef veneer and splint fer shipping and
marketing frults and vegetabies.

Ceeprage {5-97; C-99).—Estolishments primarlly engaged in manu-
facturing barrels, tubs, hegsheods, and ether containers made ef
stoves, except fruit and vegetable boskets {Industry 2443). Estab-
lishments primorlly engaged In manufocturing tebacce hegshead
steck are classified in industry 2421, and those monufacturing
caoperage steck In Indusiry 2429,

MISCELLANEOUS WOOD PRODUCTS:

Waed Preseiving (5-98; C-97).—Establishments primorily engaged
in treating weed, sowed or ploned In ather establishments,
with creesete er other preservotives to prevent decoy and te
protect agoinst fire ond insects. This Industry alse Includas the
cutting, treating, and selllng ef peles, posts, and piting, but
estoblishments primarily sngaged In manufaciuting ether weed
products, which they moy olso treot with preservatives, are not
Included.

Weod Preducts, N.E.C. {592, C.87).—Establishments primarily
engaged in turning ond shoplng weod, and manufacturing miscel-
loneeus waod praducts, n.e.c., such as lasts and related pred-
ucls, cark preducts, mirrar ond plclure frames, porticle board,
hord pressed weed fiberboord and fobrlcated hordboard praducts,

The cempesition ef this Industry has been slightly chonged fer
1963, due to the t:ansfer ef hard pressed woed fiberbaard {hard-
beard| ond fabricuted hardbeard products ta this Industry. Prier
to 1963, estabiishments primorlly engoged In manufocturing
hordboard were clossified in Industry 2441, ond those primorily
producing fabricoted hordboord products were clossified In indus-
try 2649,

FURNITURE AND FiXT'JRES

This majer graup includes estoblishments engoged In manufactur-
ing heusehold, effice, publlc building, end restourant furniture; ond
office and stere fixtures. Establishments primarily engaged in the pro-
ductien of miliwark are classified in Industry 2431, ond weed-werking
to individuat erder er In the nolure ef recendltiening and repair In
nenmanufacturing industries.

HOUSEHOLD FURNITURE:—

Estoblishments primorily engoped in making furnlture te erder ef
individual l.ouseheld consumers or primarlly engaged In renovat-
ing furniture er moliresses ore clossified In nonmonufocturing
industries. Establishments primorlly engoged in moking furni.
ture ports (except wood tromes or heodboards| are ¢ included
in this greup ef indusiries but ore generolly clossifiec In Major
Greup 24, Lumber ond Wood Products or Mojor Group 34,
Fabricated Metal Products. For example, furnlture turiings are
inciuded in industry 2499, ond furniture hardwaie, : cluding
costers are included In Industry 3429,

Weed Heuseheld Furniture, Except Upholstered {5-94; C-96).—Es-
toblishments primarily engoged In manufacturing wned heusehold
furniture commenly used in dwellings. This industry alse inciudes
the manufaclure of weod kitchen cobinets en a factery basis,
ond camp tumiture. Estoblishments primorily engaged In monu-
focturing uphelstered fuiniture or weod fromes fer upholstered
furniture ore clossified in industry 2512, ond reed and ratton fur-
niture in industry 2519. Plonts primorlly engaged in renevating
ar refinishing furniture are clossified In trade Industries and
plonts selling heusehold furniture to househeld consuiners through
a retoil store on the monulocluring premises are included in re-
toil trade.

Weed Heusehold Furniture, Uphelstered (S5.92; C-92{.—Establish.
ments primarily engeged in manufacturing uphelstered furniture
on woed frames or wead fromes fer uphelstered furniture. Sheps
primorily engoged in reupholstering furniture, ar uphoistring
fromes te individuol order ore clossified In nonmanufocturing In-
dustries. Estoblishments primorily enaged in manufocturing dual
purpase sleep furniture, such os studio ceuches, cenveitible
sofos, jackkniffe sefo beds, end cholr-beds, ore classified In
industry 2515 regardless of the moteriols used in the frame.

Metal Heuseheid Furnilure {S-88; C-89).—Esteblishments primarily
engoged in manufocturing metol household furniture ef o type
commonly used in dwetlings, whether padded, upholstered, er
ptain. Esteblishments primorily engoged in manvfacturing dual
purpese furniture, such os studie couches, sofo beds, and choir-
beds ere classified in Indusltry 2515, regordless of the moteriols
used in the frame.
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Maltresses ond Bedsprings (5-90; C-90).—Estabiishments primarlly
engaged in inanufacturing Innerspring mattresses, baxspring mat.
tresses, and nen-innerspring motiresses centaining felt, feom sub-
bar, er any ether filling moterlol; and ossembled wire springs
{fobrlc, cell, or box| fer,use en beds, ceuches, and cois. This
industry alsa Includes establishments primarily engaged In manu-
facturing dual putpesn sleep furnlture, such as studia ceuches,
sefa beds, and chalr-beds, regardless ef the materiol used In |he
frame. Estabiishments primarily engaged in manufacturing avia-
moblie seols and backs are classified in Industry 2531; Indlvidual
wire springs In industry 3481; and poddings and vphrisery fll-
Ing in industry 2293, Estoblishments primarily engaged In re-
pair, renevoting, etc., matiresses and bedsprings are clossified
in service indusiries.

Heuseheld Furnlivre, N.E.C. {S-84; C.51{.—Esiablishments primarlly
engaged in manufacluring reed, rattan, and ather wicker furnl-
ture, and elher hausehald furniture, n.e.c.

OFFICE FURNITURE:

Wead Office Furniture {S-90; C-87).—Estabiishments prin.arlly en-
vaged in manufacturing weod office furniture, whethar podded,
uphelstered or piain.

Matol Office Furnlture {5-87; C-89|.—Estoblishments primorily en-
goged in monufacturing metal effice furniture, whether podded er
plain. Establishments primarlly engaged In manufocturing sofes
and vaults are classified In industry 3492,

PUBLIC BUILDING AND RELATED FURNITURE:

Public Building ond Related Furniture {S-85; C-85)—Establish.
ments primerlly engoged In manufacturing furnlture fer scheels,
theuters, assembly halls, churches, and libraries. Establishments
primarlly engaged In monufacturing sents far public cenvey-
ances, os well as seats for automobiles and alrcroft, are In-
cluded In thls Industry. Establishments primarlly engaged In
mai ufacturing stone furniture are classified in industry 3281,
and .oaces', urnture in Industry 3272,

PARTITIONS, SHELVING,
STORE FIXTURES:

Wead Portitiens, Shelving, lackers, and Office and Store Fixtures
(5-94; C-89).—Establishmen®s primarlly engaged !~ menufacturing
weed shelving, ieckers, effice and ster. fixtures, and prefabrl.
cated portitians, and repated fabricatd preducts.

LOCKERS, AND OFFICE AND

Metal Partitiens, Sheiving, Lockers, and Office and Stere Fixtures
(5:83; C-82|.—Establishments primarily engaged in manufaclur-
ing metal shelving, leckers, effice anu stere fixtures, prefobri-
ceted partitlens, and related fobricated preducts.

MISCELLANEQUS FURNITURE AND FIXTURES, N.E.C.:

Venetlan Blinds and Shades {$-89; C-90).—Establishments primarlly
engoged In manufocturing Venetian blinds, regardless ef the mo-
terials used, ond shades except canves shades and awnlings,
which ore clossified in industry 2394,

Furniture ond Fixtures, N.E.C, (S-84; C-70).—Establishments pri-
morily engeged in monufacturing furniture and fixtures, n.e.c.,
Inciuding furniture especlally deslgned fer use In restaurants.

PAPER AND ALLIED PRODUCTS

This mojor group inciudes the manufocture of pulps from wood
ard ether cellulose fibers, ond rogs; the monufacture ef paper and
poperboord; and the manufacture of paper ond paperbeard inte cen-
verted products such as poper caated off the paper mochine, paper
bogs, poper bexes, and envelapes. Certaln types ef cenverted paper
products are clossified elsewhere, such as abrosive peper in industry
3291; corbon poper in Industry 3955, and phetosensitized ond blue-
print poper in industry 3861.

PULP MILLS:

Pulp Mills (5.88; C.71).—Establishments primarily engaged in
manufocturing pulp frem wood er from ether moteriols such os
rags, linters, wastepoper, and straw. Legging comps eperated by
pulp mills, and net seporately reported, ore alse included in
this Industry, Estabiishments primarily engaged in cutling pulp-
wood ore clossified in industry 2411; and puip mills cembined
with poper mills or paperbaord mlils, ond net seporotely re-
ported, ore classivied with the lotter In industries 2621 and 2631,
respectively.

In beth the 1963 and 1958 Censuses ef Monufoctures, pulp mllls
aperoled in cenjunction with a paper and baard mill ot the some
locatien were permitted te file o cembined repart fer such inte-
grated operotiens. However, In 1954 oll pulp mili activity wos
seporotely reported whether or not such pulp mill operolions
were conducted ot the same physicol lecotion as on associated
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paper ar board mill. This change in treatment hos the effect of
restricting the reporting of o "'pulp milt'" far classification in in-
dustry 2611 in bath the 1963 aond 195B censuses ta the
fallawing situatians: (o) those pulp mills which are nat affiliated
with any paper and baord mills and ship all their products fa
the market; (b) pulp mills offiticted or assaciated with o primary
paper ar baard mill but which are separately lacated fram the
pulp milt; ond (¢) o few pulp mills offillated or assacioted with
a primary poper or beerd miil ot the some physical ‘ecetion,
whare scparate departmentul recards of emplayment, mterials,
and fuel casts, shipments, efc., are maintained far the pulp mill
frain thase cavering the poper ar board mill at that lacaticn and
the campany elected ta file such a separate repart.

PAPER MILLS, EXCEPT BUILDING PAPER MILLS:

Peper Mills, Except Building Peper Mills {5.90; C-92).—Esteblish-
ments primarily engeged in manufacturing paper {except building
poper—industry 2661) fram waod pulp and other fibers, ond
which moy alsa manufacture canverted paper products [canfined
almast exclusivily ta off-machine paper caating). Pulp mills com-
bined with poper mills, and not separately reparted, are alsa in-
cluded In this industry; where seperetely reperted, they are clos-
sifind in industry 2611. Estoblishments primarily engaged in
manufacturing converted poper praducts fram purchased paper
stock ore classified In Industry Group 264 ar 265.

PAPERBOARD MILLS:

Paperbeard Mills (5-85; C-90).—Estoblishments primerily engoged
in manufacturing paperbaard, including paperbaard cooted an the
poperboard machine, from woad pulp ond ather fibers; and
which may alsa manufacture converted paperbaard prdaucts {can-
fined almost exclusively to pasted, lined, lominated or surface-
caoated paperbaard). Pulp mills cambined with poperbaard mills,
ond nat separately reparted, are alsa included in this industry;
where separately reparted, they are classified in industry 2611,
Establishments primarily engaged in menufacturing canverted pa-
perboard preducts from purchesed paperbaard are classified in
Industry Greup 264 ar 265,

CONVERTED PAPER AND PAPERBOARD PRODUCTS, EXCEPT
CONTAINERS AND BOXES:

Paper Caating and Glozing (5-B2; C-78).—Establishments primarily

engged in manufocturing coated, glozed, er vernished paper fram
purchosed paper. Establishments primarily engaped in caating
poper an the paper machine are classified in industry 2621;
thase manufacturing carban paper in Industry 3955; ond phata-
graphic and blueprint paper in industry 3861,
Principal praducts of this Industry include: off-mochine coated
poper; olled, waxed, and wox-lominated paper and wrappers;
presjure sensitive tepe; gummed products; end other coated and
nrecessed paper,

Envelapes (5-94; C.96).—Estoblishments primarily engaged in man-
ufacturing envelopes of ony descriptian from purchased paper ond
paperbaord. Establishments primarily engaged in manufacturing
papeteries {baxed stotianery) ore classified in in industry 2649,

Bags, Except Textile 8ags (5.86; C.88).—Establishments primarily
engaged in manufocturing bogs from purchased paper, cella-
phane, acetate, palyethylene, pliafilm, fail, and similar sheet ar
film materials.

Wallpaper (S-97; C.99).—Establishmenls primorily engaged in de-
signing, printing, ond embossing paper far interier walls, and
cellings. Esteblishments primerily engeged in manufecturing well
clath fram textile febrics are clessified in industry 2295.

Die Cut Paper and Paperbeard and Cardbeard (S-88; C.82),—Es-
teblishments primarily engoged in die cutting purchesed paper
and poperbaard, ond In manufacturing cardbaard by laminating,
lining, ar surface coating poperboard.

Pressed ond Malded Pulp Goads (S-99; C-96).—Establishments pri-
marily engoged In manufccturing all kinds of pressed and malded
pulp goads, including papier-mache articles ather than stotuary
and art gaads.

Sanitary Paper Praducts {S-93; C.97).—Establishments primarily en-
gaged In monufocturing senitery health preducts fram purchosed
paper and paoperbaard, The principal praducts af this industry are
sonitary napkins and tompons; faclal tissues; table nopkins, failet
paper, tawels and wipes. This industry was not separately identi-
fied far 1958 In the SIC but wos included in industry 2649,
Camporoble data for 1963 using the previaus tndustry classifica-
tion far indusiry 2649 aorr shown in fobles 1 ond 2 of the chep.
ter for that industry.

Converted Poper ond Peperboerd Preducts, N.E.C. (5-84; C.78).—
Establishments  primarily engaged in manufacturing  fram

265

2651

2652

2653

2454

2655

266
2661
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purchased paper ar paperbaard, misceltuneaus canverted paper
ar paperbaoard praducts, n.e.c.

The principal praaucts of this industry are: stationery, tablets
and related praducts; wrapplng products such as gift wrop and
creped wodding; potterns, business machine supplies, tile’ and
lominated wallboard, unprinted tags ond ather miscellaneous pa-
per and board praducts.

Senitery peper preducts were transferced from this industry ond
established as e separate industry (2647) far 1963,

PAPERBOARD CONTAINERS AND BOXES:—

There is a high degree of integretian between industry 2631, and
the various board converting industries, except industries 2652
and 2655, which rely principally an market purchoses of paper-
baard. .In industries 2451, 2653, and 2654, a substantial part of
the cenverted peperbeard is manufactured end canverted by the
saome campany, either at the same lacatian ar ot separote loca-
tians.

Falding Poperbaord Boxes /5.85; C-88).—Establishments primarily
engeged in monufecturing falding paperbeerd boxes frem pur.
chased paperboard.

5e1-Up Paperbaard Baxes (5.91; C-87).—Establishments primarily
engoged in manufacturing set-up paperboard baxes fram pur-
chased paperbaard.

Carrugeled end Solid Fiber 8exes [5-97; C-96).—Estabilshments
primarily engoged in maonufacturing cerrugated and salid fiber
baxes and related praducts fram purchased poperboard of fiber
stack, Impartant praducts of this Industry include corrugated and
salid fiberboard baxes, pads, partitians, display items, pollets,
singte face praducts, and carrugated sheets.

Sanitary Food Containers [$-92; C-92).—Establishments primarlly
engaged in manufacturing food cantainers fram special’ foad
bourd. Impertant products ef Ihis Industry include fluid mlik can-
teiners; lalding poraffiined cartans fer butter, margarine, and
shartening; ice creem centainers; frezen fead canteiners; liquid
tight contalners; raound nested faad containers; poper cups far hot
or cald drinks; and poils far faod ond ice cream.

Fiber Cans, Tubes, Drums, ond Similar Praducts {5-95; C-80).—Es.
tablishments primarily engaged in manufacturing fiber rans,
canes, drums, and similar praducts with ar withaut metal ends,
fram purchased moterials; end vulconized fiber boxes.

BUILDING PAPER AND BUILDING BOARD MILLS:

Building Paper and Building 8aord Mills (5-97; C-88).—Estoblish.
ments primarily engajed in manufotturing building poper and
building baord, excrpt herd pressed weod fiberboard, frem weed
pulp end ether flbious malerials, Mills praducing herd pressed
waod fiberbaard are clessified in industry 2499, In additlen, in.
sulation baord mil's which perform caating oberatians al thelr
primary mill lacurions are classified In Industry 2952, Pulp mills
cambined with building poper and building baard mills, and not
separalely reparted, are olsa included in this industry; where
separately reported, they ore classified in industry 2611, As
nated previausly In cannectian with industry 2611, some phys-
ical location as paper ar baaro were nat required in elther
the 1963 or the 1958 Census of Manutactures ta submit lo
separate report far the pulp mill operatlans, This reparting re-
quirement had less effect an the generol stotlstics of mills pri-
marity engoged in praducing bullding paper ond beard lhen on
those praducing paperboard and poper, except bullding paper.

PRINTING, PUBLISHING, AND ALLIED INDUSTRIES

This mejer group includes establishments engaded in printing
by ene er more of the camman pracesses, such as letlerpress, lithog-
raphy, gravure, ar screen; and those establishments which perfarm
services far the prinling trade, such as baookbinding, typesefting, en-
graving, phateengraving, ond electratyping. This malar group alsa in-
cludes estoblishments engaged in publishing newspapers, boaks, ond
periadicals, whether ar nat they do their awn printing. News syndi-
cates are clessified in service Induttries, and textlle printing and fin-
ishing in Majar Graup 22,

NEWSPAPERS: PUBLISHING, PUBLISHING AND PRINTING:

Newspapers: Publishing, Publishing and Printing (5-96; C-100).—Es.
tablishments primarily engaged In publishing newspopers, or in
publishing and printing newspapers, These establishments carry
on the various aperations necessary for issving newspapers, in-
cluding the gatherlng of news, and the preparation of editariols
end advertisaments, but mey or may nat perfarm their awn print-
ing. Cemmerciel printing Is frequently carried an by establish-
ments engeged In publishing end printing newspapers, but even
thaugh the commerciel printing mey be of malar impartonce such
establishments are included in this industry.

C-9
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Establish ts nat gaged in publishing newspapars, but which marily engaged in printing from ilthogrophic plates are clossified
print ar lithe graph newspapers for publishers, ara clossified in In. In industry 2752,
4 dustry 2751 ar industry 2752, News syndicales ora classified in
1 sarvice indui-rias, Establishments primarily engoged in pubtishing 2752 Commerclal Printing, Lithagrophlc (5.80; C.82).—Establishments prl-
shopping nav:s ara classifiad in industry 2741, marily engoged In printing by the lithogrophic process, The
Publications have been clossified as pariodicots (industry 2721) :’":::" :‘oguc::.ltz'v::rk :: ':'"ul"r‘_:":"y’ hhp;"o'l':::u:n a [ab
rathar than as newspapers if thair news ond adlitarial presanto- ponono do(o}:émonlm ’:'cu :’: ‘m;d:‘;:'p‘:le ‘00"“' ::’ri':lui::
fians ara not typicolly d'rected to the public at lorge. Where the 9 gt ' et 8 . . i
naws is of general infarast publicotians ara cansidared periodicals fhh;f"’;'.&myp"s".'.':ﬁ{;.:';da.f’.'.“’:f’,'u'.::’,ﬂfp.".:::gi? ﬁ."?;.'».":;f:::;..‘:
i it thay ara not the primary printed saurce of such news, Among 2 . el . 4
] tha typas af publications samatimes cansidarad newspapers, but ::oo;:no?nd p:mphle'h, wm;ou.' pluslnhmg;;lw classified in Indus.
L traated in tha cansus as periadicnls, are the following: trada ry » ond greeting cords in Industry E
s laurnals; house orgons, local church or schoul popars .ond like 2755 £ngigving ond Plote Printing (S-89; C.79).—Estoblishments primar-
publicotions with very limitad or specloilzed naws traatment, ily angagad in engroving and efching steal, capper, waod, o
1 Genarolly, publicatians issuad by nanprafit organizotions {educo-. p - b Ly
. . . e ., rubber platas; In using these platas ta print stationary, vixiting
tianal, religlous, charitable, tabar, business, prafassianal, efc.) ond othér carddl] invitatioms I mopsi¥etel Land inPmuking iwsodculs
§ 5 i q 3 1 . ’ , efc;
e "I‘:“'ﬁ;ddm pariadicols, as ora mogazine and comic suppla for vse In printing illustrotions, posters, atc. Engraving far pur.
SOILOTOUNCoVEN BWEPTD OIS, pasas ather thon printing is classified in industry 3479, Establish.
1 . maents primorily engoged In praporing photoengroved piatas {half-
; 272 PERIODICALS: PUBLISHING, PUBLISHING AND PRINTING: A el e G
720 Periodicals: Publishing, Publishing ond Printing (5-89; C-96).—Es-
tablishments primarily engaged in publishing periodicols, or in 276 MANIFOLD BUSINESS FORMS:
praparing, publishing, (?nd pm\llng pariadicols, Thew. °‘.'°b|"h' 2761 Manifald Business Forms (5.90; C.91).—Establishmants primarlly
1 mants carry an tha vorious aperations nacessary far issuing pe. engaged in designing and printing by any pracess, special farms
= riedicals, but may or moy not perform their own printing. Em’.b' for use in the aperotion of o bl:sinen in :inqlo' and multiple
lishmants nat angagad in publishing periadicols, but which print sets, including carbanized or Inlerloovold with carban or ather-
[ periadicals for publishers, are classified in industry 2751 or in- wiu' procesred for multiple reproduction, The principal types of
1 dusty 2752 monifold business forms are cantinuous, unit-sel, and solasbooks,
) Dato on the periodical publishing octivities of nanprafit arganiza-
;' tians (rallgious, educationot, social, choritoble, alc.) have been 277 GREETING CARD PUBLISHING:
included '°d'h°d"'::' ;h‘:! :h; °"‘,‘:I°;“: of such argonizotions 2771 Greeting Card Publishing ({5-92; C.94).—Estoblishments primarily
k (ele caveraciuncaiiiieRodcio Joaclnlypoysiem: angoged in designing, publishing and printing by any pracess of
resting cords far all ians,
273 BOOKS: [} 9 cords all occosians
273 Baoks: Publishing, Publishing ond Printing (3.93; C.88).—Estoblish- 278 BOOKBINDING AND RELATED INDUSTRIES:
mnts primarily engaged in publishing only, ar in publishing ond 2782 Bionkbooks; loase leaf Binders and Devices {5-88; C-88).—Estab-
printing books and pomphlets. Establishments primarily engoged lishments primarity angoged in manufocturing bionkbuoks loose
in printing, or in printing and binding (bus nat publishing) leaf devices, ond librory bindars 4
boaks and pamphlets ore classified in industry 2732, = .
Industry 2731 also inctudas data an boak publishing octivitias 2789 Baakbinding, and Reloted Work (5.95; C-83).—Eitablishments prl.
abtained from nonprofit organizations whose emplayees ore cav- marily engaged in adition, trode, fob, and litkrary baokbinding,
arad undar tha Social Security Systam and wera oble fa rapart in book or poper bronzing, giiding, ond edp'ng; in map and
their bor.x publishing operations as o seporata establishment. somple mounting; and other services related to bookbinding. Es-
1 - tablishments primorily binding books printed elsewhere aro ciassl-
2732 Baak Priiting (5-78; C-69).—Estoblishmants primorily engoged In fied In *his Industry, but those primorily binding boaks printed In
; L printing only or In printing ond binding books and pomphlets, the .ame establishment are clossified in Industry Group 273,
F but nat In publishing. Establishments primorily engoged in pub-
tishing, or in pubiishing and printing bouks ond pomphlets, are 279 SER/ICE INDUSTRIES FOR THE PRINTING TRADE:
classifiad in Industry 2731, Establishments engoged in both print- 2791 Typesetting (S-95; C.90].—Estoblishments primarily engaged In ma-
ing and binding baoks, but primorily binding books prinied else- A hm:d . pu.:enln T Orpodo J‘d in advertising
where, tre classified in industry 2789, T v Y 9 a
Estabtishments classified in industry 2732 ore simiior in choracter
to somne establishmants primarily angagad in commarciol lettar- 2793 Photoengroving {S-95; C-91).—Estublishments primariiy engaged in
press printing {industry 2751) ond in commerciol Ilthogrophy preparing photaengroved plotes (holftones and ilnecuts). These
(industry 2752). The distinction is thot tha astablishments classi- establishments do not, as o rule, print from the plates which
fiad in industry 2732 derive the greater part of their revenue they muke, but prepore them far use by athers,
from printing books and pamphlets, while such operotions are
sacandory activitias far establishments classified In Industries 2794 Electrotyping and Stareotyping (%.87; C-84).—Establishments prl-
2751 and 2752, marily engoged in preporing elactratype ond stereatype platec.
i These establishments d5 nat, as a rule, print fram the plates
274  MISCELLANEOUS PUBLISHING: which they make, but prepara tham far use by others.
2741 Miscallonaaus Publishing (5.92; C-84).—Establishments primorily an.
goged in misceiionsous publishing activities, n.e.c., whether or 28 CHEMICALS AND ALLIED PRODUCTS
1 nat engagad in printing. Establishments primarily engagad In of. This mofor graup includes estoblishivents producing basic chem.

fering financial, cradit, or other businass sarvices and which may
publish diractarias as part af this service are nat includad in this
industry but are clossified in service industries.

icals, and establishments manufacturing products by predominantly
chamical procasses. Estoblishments classified In thls major group man-
ufacture three general classes of praducts: (1) basic chemicals such as
acids, alkalies, solts, and organic chemicals; {2) chemlcal products ta
be used In further manufacture such as synthetlc fibers, plastics mate-
rials, dry colars, ond pigments; (3) finished chemlcal products fa be
used for ultimota consumption such os drugs, casmatlcs, and soaps; or
ta ba usad as materials ar supplies in other Industrles such as paints,
fartiilzers, and explosives. The mining nf natural rock salt is classified
In mining industries. Establishments primorily engoged in manufactur-
tha primary printing procass amployed. Estobtishments primorily ing nonferrous metols ond high percentoge ferroolioys are classified in
engogad in publishing greeting cards are clossfied in Industry Malar Group 33; sillcon carbide in Mojor Group 32; boking pawder,
2771, ather ieavening compounds, and starches In Major Group 20; and em-
babining fivids and artists' colors In Mojor Group 39. Establishments
primarily engoged in pockaging, repockaging, and battling of pur-
chased chemicol products, but not engoged in manufacturing cheml-
cals and allied products, are classified in trade Industries.

This industry comprisas astablishments primarily engoged in pub-
tisking such products os mops, atloses, sheet music, directarles,
almonacs, caotalogs, globa cavers, racing forms, and shopping
news or engagad in miscellaneous publishing activities, n.e.c,,
whether or nat engogad in printing. Establishments primorlly en.
goged in printing such praducts and not angaged in publishing
ore clossified in Industry 2751, ar Industry 2752, dapending an

275 COMMERCIAL PRINTING:
2754 Commerclal Printing, Except iLithagrophic (5-86; C-79).—Esloblish.
ments primorily engoged in commerclal ar job printing, excep!

lithagrophlc. This Industry includas generol printing shaps, os F
well as shaps spacializing in printing newsoopers and perlodicols 281 INDUSTRIAL INORGANIC AND ORGANIC CHEMICALS:

for athers, and those which speciallze In gravurs, rotogrovure, 2812 Alkaiies and chlorine {5-66; C-79),—Estoblishments primarily en.

and screen pracess printing. Establlshmants primarlly engoged in gaged In  monufocturing sodlum hydraxlde (coustic sada),
printing books, without publishing, are clossified In Industry
2732, and greeting cards in Industry 2771. Estoblishments prl-

potossium hydroxide {caustic potosh), soda ash, potasslum carbon-
ata, sadium bicarbonote, sal sada, and chlorine, Establishments




primarily enzogad in monufacturing ammonlum compounds or al-
kali mefols are classifled In Industry 2819, and plants primarlly
angaged in mining notural patosslum or sadium alkolies are clos-
sifiad in SIC industry 1474,

2813 Industrial Gases (5-98; C-87).—Estoblishments primarlly engoged In
monufacturing gasas for solo in compressad, llquld, and salld
forms. Estoblishments primorily engogad In monufocturing fivor.
Ina, ammonla, and sulfur dioxido are clossified in industry 2819;

" and chlorine in Industry 2812. Distributars af Industrlol gases

and establishmants primarlly engaged in shipping liquld oxygen

ara ctassified in trade. Notural gasolina plants engoged In the

production of gasas In compressed ond liquefled form are classl-

. fied In mining industries, ond petraleum refinerlos producing
these goses In industry 2911,

2815 Cylic tntermediates, Dyes. Orgonic Pigments {Lakas ond Tonars),
oand Cyclle {Coal Tar) Crudes (5-69; C.45).—Estoblishments pri-
marily angaged in monufacturing cyclic argonlc Intermediates,

8 dyes, calor lakos and tanars, ond cool tor crudes. importont
products af this industry include: (1) derlvotives of benzene, to-
luana, naphthalene, anthracene, pyridine, corbozole, and ather
¢yclic chamical products; {2) synthetic orgonic dyes; (3) synthetlc
organic pigments; and (4) cyellc {cool tor) crudes, such os light
oils and light oll praducts; caol tor ocids; and products of medl|-
um and haavy oll such os creosote ail, nophtholens, anthrocene,
and lhelr higher homologues, and tor. Estoblishments primarily
engogad In monufacturing cool tor crudas In chemicol recovary
ovens ara clossified in Industry 3312, ond petroleum refinerles
which produce such products In Industry 2911,

This Industry combined two Industries that ware seporote under
the previaus classification system; Industry 2814, Cyclic {coal tar)
crudes and Industry 2815, Dyes, dye {cyclics) Intermediotes, and
! orgonlc pigmants (lakes ond faners).

e

2816 Inorgonlc Pigments (S-91; C-87).—Establishments primarily engoged
In monufacturing inorganic pigments. Importont producls af this
industry Includa black pigments (except corbon block, Industry
2B95), whita pigments and color plgments. Orgonic calor plg-

4 ments are classified In Industry 2815,

1 2818 Industriol Orgonic Chemicols, N.E.C. (5.72; C-81).—Establishments
B primorlly engagad in manufactuting industrio! argonic chemicals,
n.a.c. Impartont products of this industry include: (1) noncycltc
arganic chemicols such as ocelic, chlaroacetic, odiple, formlc, ox-
olic ond tartoric aclds and their malollic solts; chioral, formalde-
hyda and methylamine; {2) sulvents such o amyl, butyl ond
ethyl alcahols; methanal; amyl, butyl and ethyl ocetotas; cthyl
ather, ethylene glycal ether ond diethylene glycal ether; ocefore,
corbon disulfide and clorinoted solvents such os corban fetrochlo-
ride, perchloroathylene ond trichloraethylena; (3) polyhydrlc alca-
5 hals such as ethylena glycal, sorbltol, pentoerythrital; (4) syn-

thetic peirume and fiavoring moterials such as coumarin, methyl
solicylate, soccharin, citiol, citronellol, synthetlc geroniol, la-
4 nona, tarpineol, and synthatic vanillin; (5) rubber processing

e chemicols such as accelcrators ond ontiaxidonts, both cyclic and
.- ocyclic; (8) plasticizers, both eylic ond ocyclic, such as esters of

i phosphoric acid, phthalic onhydride, odipic ocid, louric acid,

aleic ocid, sabocic acid, and staaric acid; (7) synthetic tonning
] ogents such as naphtholene sulfonic acid condensates; (B) cheml-
¢ol warfare goses; and (9) asteis, aminas, afc, of polyhydilc al-
cohols and fatty and ather acids. Estoblishments primorily an.
goged in manufocturing plostic motariols ond nonvul:ionizable
ofastomers are classified in industry 2821; synthetic rubber in In-
dustry 2822; essentiol oils in Industry 2899; waod distitlation
;' praducts, naval stores, and noturol dyeing ond fonning moterlols
in Industry Group 286; rayon ond othar synthetic fibers in Indus-
B trins 2823 and 2824; specialty cleoning, polishing ond sonitotian
f preparations in Industry 2842; ond paints and pigments In Indus-
G try Group 285. Distillarles engogad In the inonufoctuie of groin
olcohol for beverage purposes are classified in industry 2085,

2819 Industrial Inorgonic  Chemlcols, N.E.C. (5-88; C.74)5.—
: Estobtishments primarily engaged In manufocturing indultrial In-
; argonic chamicals, n.e.c. Impartant products of thls Industry in-
clude Inorganic solts af sodium {excluding refined sodlum
chloride), patassium, aluminum, colcivm, chromium, mognesium,
mercury, nickel, silver, tin; inaigonic compaunds such as alums,
colcium carbida, hydragen paroxlda, phosphotes, sadium sllicate,
ammonia campaunds and anhydious ommonio; fartilizer motarials
such as muriote and sulfote of potash; rare earth metal salts and
alemento! bramine, fluorine, iodine, phosphorous, nnd alkoll met-
als {sodium, potassium, lithium, etc.).

282 PLASTICS MATERIALS AND SYNTHETIC RESINS, SYNTHETIC
RUBBER, SYNTHETIC AND OTHER MAN-MADE FIBERS, EX-.

CEPT GLASS:
2821 Plastics Materials, Synthetic Resins, ond Nonvulconizoble Elostamers
(5-84; C-64).—Estoblishments primnrily engogad in manufacturing

2822

2823

2824

283
2831

2833

2834

2B4

2841

synthetlc resins, plastics materlals, and nenvulcanizable elosta-
mers, impartant products of thls Industry Include: cellulose plastic
materlals; phenollc and other lor ocld resins; urea and melamine
resing; vinyl resins; styrene resing; alkyd resins; acryllc resing
polyethylene resins; rosin modified reslns; caumarone-indens and
petroluem polymer resins; ond mliscelloneous resins, Including po-
lyamid resins, silicones, polyisabutylenes, polyesters; vulcanized
fiber; caseln plostics; ond reganerated cellulase. This classifica.
tion daes not Include nonchemicol monufacturers who merely pur-
chose resin or plostics materlals ta produce fabrlcated plostics
praducts, film, and sheels, classifiud In Industry 3079,

Synthetic Rubber {Vulconlzoble Elastomen) (5-92; €-80).—Establish.
ments primarily engoged In monufocturing synthetic rubber by
polymerization ar capolymerlzatian. An elastomer far the purpose
af this clossificotian Is a rubber-like materlal capable af vuiconl.
zotion, such as copolymers of butodlene and styrene, ar buto-
dlene and acrylonitrije, polybutadlenes, chloraprene rubbers, and
Isobutylane-1soprene copolymers. Butodlene capalymers cantalning
less ihon 50% butodlens ore classified In industry 2821, Chlarl-
notad rubbar ond cycllized rubbers are constdered as semlfinished
products, ond are clossified In indusiry 3049,

Celluloslc Man-Moda Fibers (5-D; C.D).—Establishments primarlly
engaged in monufoclurlng cellulosic fbers {Including cellulase
ocatole and regenaroted cellulose such as rayan by the viscase ar
cuprommanium process) In the form of manofilament, yarn, staple
or tow sultoble for further monufocturing an spindles, looms,
knitting mochines or other textlle processing equilpment, Estab-
lishments primorlly engoged In monufocturing textlle gloss fbers
are classified In Industry 3229,

Synthetic Orgonlc Fibaers, Except Cellulosic {S-95; C-97).—Establish.
ments primorlly engoged In manufacturing synthetic arganic fibers
axcapt cellulasic {including thase of regenerated profeins, and af
polymers or copolymers of such components as vinyl chioride, vi-
nylldens chloride, lineor eslers, vinyl alcahols, acrylonitrile,
ethylenes, emlides, ond related polymerlc matarlals) In the farm
of monoflloment, yarn, stople or tow sultable for further manu-
facturing an spindles, laams, knitting machines or other textlle
processing equipment, Estoblishments primarlly engoged In manu-
facturing textlle glass fibers are clossified In Industry 3229,

DRUGS:

Biologlcal Praducts (S5-88; C-45).—Estoblishments primarlly engaged
in fthe praduction of bocterial and virus vaccines, toxalds and
onologous products {such as ollergenic exiracts), serums, plasmas,
and other blood derlvatives for human or veterinory use, Exclud-
ed are the octlvities of the Americon Red Crass, haspitals and
athar Institutians which are Impartani collectors aof bload and
producars of bload products.

Maedicinol Chamicals and Botonical Praducls {$-71; C-47),—Estob-
lishmants primarily engoged In {1) monufacturing bulk organlc
and Inorgonic chemicals and thalr derlvatives; and (2) processing
{groding, grinding, ond milling) bulk botanical drugs and herbs.
Estoblishmants primarlly engoged In manufacturing agar-agar and
similor products of noturol orlgln, endocrine products, manufoc-
turing or Isaloting basic vitamins, and isalating octive medicinal
princlples such as olkoloids from botanlcal drugs and herbs are
also Included in this industry, Estoblishments primarily engaged
In monufacturing reogent ond chemlcolly pure grades (other than
United Stotas Phormocapaela or National Formulary) aof inorgonic
ond orgonic chamlcols are classified in Industries 2819 cnd 2818.
respectively,

Phormaceutical Preporotions (S-87; C-94).—Establishments primorlly
engaged in monufacturing, fobricoting, or pracessing drugs Into
phormoceutical praporotions far humen or veterinory use, The
greoter port of the products of these establishments ara finished
in tha form intended far finol consumption, such as fablets, cop-
sules, ointments, solutians ond suspensions. Products of this in-
dustry cansist of twa Imporlont linas, namely, (1) pharmaceutical
preparations primorli; odvertlsed or otherwisa pramoted ta or
prescribed by the health professions: medical, dental, pharma.
cauticol, nursing, etc.; ond (2) phormoceutlcal preparations pri-
marily advertised ar otherwlsa promotad to the general public.
Estoblishments compounding drugs and medicines and selling
these ‘‘over the counter'’ ore classified In trade Industries.

SOAP, DETERGENTS AND CLEANING PREPARATIONS, PER.
FUMES, COSMETICS, AND OTHER TOILET PREPARATIONS:
Soop ond Other Defargents, Except Spacially Cleaners {S-82; C.92).

—Fstablishments primorily engaged In manufacturing saop, syn-
thatlc argonic detargents, Inorgonic alkoline detargents, ar any
comblinotion thereof, ond establishments producing crude and re-
fined glycerine from vegelable and anlmoi fats and alls. Estob-
lishments primarlly engoged In monufacturing shampaos or shov.
ing praducts, whether from soop ar synthetlc detergents, are
clossified In Industry 2844; ond synthetlc glycerin in industry
2818.
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Specialty Cleaning, Palishing, ond Sanitatien Preperatians, Except
Scap and Detergents {S.82; C-72}.—Establishments primarily en.
gaged in the manufocture af furnit ;e end eutameblle bedy pei-
Ish ond cleeners, flaar pelish ord shee pailshes and clecners;
dressings end finishes far fabricated leather end alher mate rlals;
hausehald Insecticides and repeilants ond industrei extermii ents;
havsehald, institutienoi, and industrial plent disinfectants and
deaderents; febrlc sefteners ond loundry starch preparatiens; end
ather sonltatien preporatians.

Surface Active Agents, Finlshing Agents, Sulfanated Oils end Assist-
ants {5-80; C-47)}.—Establiskments primerily engaged In pra-
ducing «.-face active preparotians far use as wetting agents,
emutsifiers, and penetrants, Establishments engeged in praduc-
ing sulfanated aiis ond fats ond related preducts ere olsa in-
cluded.

Perfumes, Casmetics, and Other Tailet Preparations {5.-91; C.84).—
Estabilshments primority engaged in menufecturing perfumes {nat.
ural and synthetic}, cesmetics, ond ather tallet preparatians. This
industry elsa Includes estobiishments primerliy engaged in biend.
Ing and campaunding perfume bases; and thase manufacturing
shampaos and shaving products, whether fram saap er synthetlc
detergents. Estabilshments primarlty engaged in manufacturing
synthetle parfume and flovering materials ere classified in indus-
try 2818, and essentlal aiis in industry 2899.

PAINTS, VARNISHES, LACQUERS, ENAMELS, AND ALLIED
PRODUCTS:

Paints, Varnished, Locquers, and Enomels, and Allled Praducts (S-
95; C.96).—Establlshments primorily engaged in the manufecture
af paints {in paste ond reody-mixed farm), vernlshes, locquers,
enamels, and sheiioc; puttles and cuatking campounds; waad fitl.
ers and sealers; palnt ond vornish remevers; palnt brush clean.
ers, and allied paint praducts.

The cade -umber far thls industry in the Standard tndustriol
Ciasslficatian Manuval is unchonged, but the centent af the indus-
try hos been slightly changed fram the ciassificatian system used
in 1958. The change in the caompasitlan of the industry as naw
canstituted, cempared with thot under the clessificetian system
tallawed in the i958 census, is due principaliy ta the Incluslen
af indusiry 2852 in 1963.

GUM AND WOOD CHEMICALS:

Gum and Woad Chemicals (S-74, C€.77).—Estabiishmants primarlly
engaged in manufocturing hordwaod ond saftwead distillatian
praducts, waad and gum navol stares, charceai, naturai dyestuffs,
and natural tanning materiols, tatl aii and rosin, and rasin ocid
praducts, Establishments primarily engaged in manufacturing syn-
thetic tanning materials ore classified in industry 2818, synthetic
dyes in industry 2815, ond synthetic erganic chemicals in indus-
‘ry 2818,

AGRICULTURAL CHEMICALS:

Fertitizers (5.89; C.97}.—Establishments primarlly engaged In man-
vfacturing mixed fertilizers {mixtures cantalning nitragen, phes.
pheric ocld (P;Os) ar patash), fram ene ar more fertilizer
materiols produced in the seme estabtishment. Sulfuric, phas-
pharle, and nitric acid plants operated In canjunctian with
fertiiizer plants and separately reparted are clessified in indus-
try 2819. When separate reparts are not available these acid
plants are classified in this industry, Establishments engaged in
manufacturing urea ore clossified in industry 2818, Establish.
ments primarily engaged in mining, miiling, or atherwlse pre-
paring natural potassium, sadium, ar baran compaunds {ather
than cammon salt) are classified in industry 1474. Establish.
ments primarliy engaged in monufacturing mixed fertiiizers
fram purchased fertilizer moteriats ere classified in industry
2872,

Fertilizers, Mixing Only {5-94; C-96},—Es'ablishments primarily en-
caged In mixing fertilizers fram purchased fertllizer mnterlals.
Estobiishments primarily engiged In bulk blending af purchased
fertliizer materials mestly far sale directly ta the consumer are
clessified in retall trode.

Agriculturei Pesticides anci ather Agricultural Chemlcols, N.E.C. (S.
87; C.49).—Establishments primarily engaged In the farmulatien
and preparatian af reody-ta-use ogricuitural pest centrei cheml.
cals, including insecticides, fungicides, rodenticides, and herbl.
cldes frem technical chemicols ond cencentrates, and the menu.
facture and fermulatian af misceilensaus agricultural chemlcats,
n.e.c., such as minar o1 trace elements, sail canditianers, etc.

Estabilshments primarily engoped in manufacturing baslc er tech-
nical egricuitura! pest cantrat chemlcals inciuding insecticides,
fungicldes, rodenticides ond herblcides, such es leed end caiclum
arsenates, capper sulfote, DDT, BHC, 2, 4. D, carbanates, etc.

are classified in Industry Graup 281. Estobilshments primoriiy en.
goged in the praductlan af hauseheld pesticides ere ciessified in
industry 2842, while esteblishments primerily engaged in menu-
facturing ogricuiturel lime preducts are ciessified in Molar Greup
32,

The industry cede 2879 fer 1963 represents o change fram the
classificetion structure exlsting in 1958. In 1943 the Industry
cambines twe 1958 Induatries: 2873 ond 2879,

289  MISCELLANEOUS CHEMICAL PRODUCTS:

2891 Adhesives and Geletin {$:83; C. 2).—Estabiishments primerlly en-
goged in menufacturing Industrial ond hausehald odhesives,
glves, sizes, ond cements frem vegetable, enimel, er purchosed
synthetic resins. Estabilshments primarily engeged !n manufactur.
ng dessert preparetians besed an geletin are clc.sified in Indus.
try 2099; vegetable gelatin ar egar.-eger in Industry 2833; rub-
ber cement In industry 3069; ond oshestes cement in industry
3292,

2892 Expiesives {5-88; C.94).—Estabilchments primarlly engeged in mon-
vfacturing exptesives such os sparting pawder, biasting pawder,
high explasives, nitrated carbahydretes, safety fuses, ond bilost-
ing and detanating cops. inciuded in this Industry ore gavern-
ment-awned plonts aperated by private firms far the occeunt af
the Federal Gavernment. Estabiishments primerily engoged in
menufacturing emmunitien far snioll orms ore ciassified in in-
dustry Graup 194, ond fireworks and pyratechnics such os
flares (oli kinds) and raliraod tarpedaes, in industry 2899, Es-
toblishments primarily engaged in sheeting wells ond olsa en-
gaged in menufacturing nltregiycerine ore included in the min-
erol Industrles.

2893 Printing Ink {S-93; C.92).—Estebiishments primerlly engaged In
monufocturing printing ink, gravure ink, screen pracess ink, ond
lithagraphic ink. Estabilshments primarliy engaged in manufactur.
ing writing ond stemp pad inks ore ciassified in industry 2899,
and varnishes fer printers’ inks In industry 2851,

2895 Carban Block {S-D; C.D).—Estabiishments primarily engaged in
monufacturing carban black {channel and furnace biack), Esteb-
tishments primorlly engaged in menufacturing bane biock and
lomp btock are ciassified in industry 2816,

2899 Chemicol Preparetians, N.E.C, ($.82; C.71},—Esteblishments prl.
marily engaged In the monufacture of miscelianeaus chemlicoi
preparatians, n.e.c., such as essentlai alts, firewerks, qutemetive
chemical speciatties, end evepareted sait; industrlal cempaunds,
such os belier and heat insuiating cempaunds, metet, eil ond
water treating campaunds, woter preefing cempeunds and cheml.
col supplies fer faundries; fatty acids, such es stearic, aieic, fish
and marine, cacenut-type fatty acids, ond ether unsaturated fatty
acids froctlanoted fram vegetable end animei eils and fets.

The cade number fer this industry in the Stenderd indusirial
Clossificatlan Manuai Is unchanged, but the cantent af the Indus-
try hos been silghtly chenged fram the classificetian system used
In 1958. The campasitian ef the industry as naw censtituted,
campared wlth that under the classificatlan system faliewed In
the 1958 census, is due princlpelly ta e chenge In definitian ef
industry 2899 te inciude fatty acids ond the subsequent reclassifi.
catlan of estobilshments farmerly included in the ald industry
2894, fatty aclds, ta industry 2899.

PETROLEUM REFINING AND RELATED INDUSTRIES

This malar greup includes establishments primeriiy: engaged In
petraleum refining, manufacturing paving and raefing ineterlals, ond
cemnpaunding lubriceting alls ond greases fram purchased moteriats.
Esteblishments manufacturing ond dlstributing ges » cansumers are
ciassified in public utitities Industries, and those p! nerily engaged In
praducing cake ond bypraducts in Mejer Graup 33.

PETROLEUM REFINING:

Petraluem Refining (5.98; C.979}.—Eesteblishments primarily en-
gaged in praducing gasaline, kerasene, distilate fuel alls, resi-
duat fuel alls, tubricants and ether preducls fram crude
petraluem, and Its frectianatian praducts through siraight distii-
ietian ef crude eil, redistiiiatien ef unfinished petraleum deri-
vatives, cracking ar ether pracesses. Estebllshments primarliy
engaged In praducing netural geseline fram netural gas ere
classified In mining industrles. Thase manufecturing ) .bricating
alls are greases by blending and campeunding pt'.chesad ma-
teriais are included In industry 2992,

PAVING AND ROOFING MATERIALS:

Poving Mixtures end Blocks {5-92; C.89).—Establlshm nis primarily
engaged in menufacturing esphelt end tar peving mixtures; and
paving biacks made ef asphalt, creasated weed, and verieus
campasitiens aof asphelt er ter with ather materieis. Establishe




ments primarily ongoged in monufocturing brlck, concrete, gran-
ite, and stone paving blocks ore clossified in Mojor Group 32,

2952 Asphatt Felts and Cootings (5-90; C.92.—Establishmonts primariiy
engagod in manufocturing ospholt and ather saturotod roafing
felts in rotl ar shinglo form, oither smoath or foced with arit,
and in manufacturing roofing cemonts and coatings, Estoblish-
ments primorily engoged in manulocturing paint ore clsasified in
industey 2851,

299 MISCELLANEQUS PRODUCTS OF PETROLEUM AND COAL:

2992 Lubricating Oils ond Greosos (S-91; C.33'%).—Estoblishments pri-
morily engaged in blending and comp ding lubricating oits
aond greases from purchosed minerol, onimol, ond vegetable
materials. Petraleum rofineries engaged in the production of lu.
bricoting ails and greoses aro classified In industry 2911,

2999 Praducts of Petraleum ond Cant, N.E.C. (5-96; C.91}.——Establish-
monts primarily engoaed in manufocturing fuel briquets, boulets,
packogod fuel, pawdored fuel, ond other products of potralevm
and coal, n.o.c. Wood chorcool briquets aro clossified in industry
2861.

RUBBER AND MISCELLANEOUS PLASTICS PRODUCTS

This majar graup includes ostoblishments monufocturing from
noturol, synthetic, ar reciaimed rubber, guita percha, bolato, ar gutia
siok, rubber praducts such os fires, rubber footwear, mechonicol rub-
ber gaods, heels and solos, foaring, ond rubber sundrles, This graup
olsa includes estabiishmonts engoged in molding primory plastics far
the trode, ond monutacturing miscolloneaus finishod plostles praducts,
The manutacture af elastic webbing is classified in Mojor Gravp 22;
praducts made of elastic webbing ond gorments mado from rubberized
fabrics in Maiar Graups 23; synthetic rubber in industry 2822; and
ptostics materiols In the farm of sheets, rads, tubes, granules, paw-
ders, ar liquids made from resins produced in tho samo osotblishment,
in industry 2821,

TIRES AND INNER TUBES:

Tiros ond lInner Tubes (5-D; C-99).—Establishments primarily en-
gaged in monutacluring pneumotic cosings, innor tubes, and solid
ond cushian tires for ali types of vehicles, alrptones, form equip-
men!, and childron’s vohiclos, os weil os tire repoir, ond tire ro-
treading {comelbock) moteriols.

RUBBER FCOTWEAR:

Rubber Footwoar (5.93; C-90).—Estoblishments primorily engaged
in manufacturing oll-rubber foatwoor, wotorproof fobric upper
footwear, and ather fabric upper footweor hoving rubbor soles
vulconized ta the uppers. Establishments primarily engoged in
manufocturing rubber, composition, ond fibor heols, solos, sating
strips ond related shoe making ond repoiring moterlals are classl-
fied In industry 3069.

303 RECLAIMED RUBBER:

3031 Rocloimed Rubber (5.D; C.77).—Establishments peimorily engaged
in reclaimine rubber from used ftires, scrap, and miscellonoaus
waste rubber articles by pracesses which result in o dovulcan.
ized, dopolymerized, ar regonorated, replasticized praduct con-
taining odded ingrediants. This praduct Is sold for Vse O3 O row
moterial In the manufocture ¢/ rubber goods with or without a
mixture with natural ar synthet : rubber. Estoblishments primarily
engoged in the assembly and whalesole of scrop rubber are clas-
sified in trade industrios.

306  FABRICATED RUBBER PRODUCTS, N.E.C.:

3069 Fabricated Rubber Praduct., N.E.C. {S.86; C-89).——Estoblishmonts
primarily engoged in monufacluring Industriol and mechanlcol
rubber gaods, rubberized fobi'cs and vulconlznd rubber clothing,
aad miscelianeaus rubber speclolties and sundrles. Estoblishments
primorily engaged In rebullding ond retreoding ftires are clossl-
fied in industry 7534, thot is, in nonmonufocturing.

307  MISCELLANEOUS PLASTICS PRODUCTS:

3079 Miscellaneous Plastics Praducts (5.92; C.80).—Estoblishments prl-
marlly engogo” in molding primary plostics far the trade, In
manufacturing film, sheels, sheeting, tods, tubes, and ather stack
shapes fram ‘purchosed resins, and in fabricating miscellaneaus
finished plastics praducts, Estabiishments primarily engaged In
manufacturing plastics matorlols in lhe form af sheefs, rads,
tubes, gronules, pawdors, or liquids mode fram resins praduced
in the same establl. hment ore clossified in industry 2821, and
thase primarily ongaged in monufacturing artificial leother in In-
dustry 2295,

LEATHER AND LEATHER PRODUCTS

This mojor graup includes estoblishments engaged In tonning,
currying, and finishing hides and sking, and estabiishments manufac-

turing finished jeother and artificial leather products and some simliar
products modo af othor moleriats. Loathor convertors ore atso In-
cluded; such converters purchose hides and skins and hove thoin
processed into leother an o contract bosis by others.

n LEATHER TANNING AND FINISHING:

31 Lenther Tonning ond Finishing (5-99; C-100}.—Establishments prl-
morily engoged In tanning, currying, ond finishing hides and
skins into leother. Leother converters oro clossified in this induse
try,

INDUSTRIAL LEATHER BELTING AND PACKING:

tndustrial Loother Belting ond Pocking {5.89; C-84),—Estobilsh.
ments primarily engaged in manufacturing industrial loothor prad-
ucts, such as transmissian belting, mechanical packings, and
textilo leathers. Establishments primorily engoged In monufoctur-
ing leother goskets are clossifiod In industry 3293; rubbor belting
and pocking are included in industry 3069; piostic bolting ond
pocking in Industry 3079; ond metoliic packing in industry 3599,

BOOT AND SHOE CUT STOCK AND FINDINGS:

Boot ond Shoe Cut Stock and Findings (5.93; C.94).—Estoblish-.
ments primorily engoged in monutacturing loather soles, innor
soles, ond ather boot ond shoe cut stock and findings. This in-
dustry olsa includes finishod woad heeis. Estobiichment: primorily
engagoed In monufocturing heels, soling strips, and soles mode of
rubbor, compotition, plostics, ond fibor are clossified in Mojor
Graup 30.

FOOTWEAR, EXCEPT RUBBER:

Faatwear, Except House Sllippers and Rubber Footwear {5.99; C.
99).—Establishments primarily ongoged in tho productian aof
boots and shoes designed primarily for streot, wark, ploy, ar
sport wear. Establishments primarity engaged in the productian
aof such protoctive foatwear s rubbers, rubber baots, storm
shoes, goloshes, and ather footwear with rubber soles vutconized
fo the uppers ore clossified in industry 3021; and houso slippers
in industry 3142. Footweor mode by custam boot mokars is cov-
erod in the census af business,

3142 House Siippers {5-90; C.85).——Estoblishments monufacluring house
slippers of loother ar other materials, except as noted. Estoblish-
ments primorily engaged in moking vuiconized rubber siippers
(beach ond shower slippers, scuffs, otc.}) are classified in industry
3021; waoden slippers including waaden clags are classifled in
industry 2499; and papor both slippers in industry 2649, Knitting
mills producing siipper socks are closslfiod in industry 2252,

LEATHER GLOYES AND MITTENS:

Leother Gloves and Mittens (S-81; C-89).—Establishments primarily
engoged in monufocturing dress, somidress, and wark gloves ex-
cluslvely of leather ar leolher with iining of ather matoriol, Es-
toblishments primarlly engoged in manufocturing sparting and
athlotic gloves ore clossifiod In Industry 3949; knit gloves In in-
dustry 2259; ond dress, semidrass, and wark giaves and mittens
of clath, or clath and leather combined, in industry 2381,

LUGGAGE:

Luggoge (3.95; C.94),——Establishments primorily engaged in manu-
focturing luggoge of leather ar ather materials. Amang the prod.
ucts included in this industry are svitcases, briefcases, trunks, hat
baxes (except paper or paperbrord), and camera wund binoculor
cases. Estoblishments primorily engaged in manufacturing luggage
hordware ore clossifiod In industry 3429,

HANDBAGS AND OTHER PERSONAL LEATHER GOODS:

Wamen's Hondbags and Pursos (S-98; C-98).—~Establishments pri-
marily engogad In monufacturing women's hondbags and purses
of leother ar other moteriofs, except precious metal {industry
3911).

Personol Leothor Gaads, Except Hondbogs and Purses (5.96; C.92).
—Estobiishments primarily engoged in monufacturing smoll artl-
cles such as billfalds, keycases, ond coin pursos of leother ar
ather materlols, except preclaus metal {industry 3911},

LEATHER GOODS, N.E.C.:

Leother Gaods N.E.C. (5.-94; C.B82).—Establishments primorily en-
goged in monufocturing ieother gaods, n.e.c., such as soddlery,
horness, ond whips; embassed leather gaods; leather desk sels;
and rozar straps.

Estoblishmenls primarlly engoged in manufocturing lealhor gor-
ments are clossified in industry 2386; leather belts In industry
2387; loother goskets in industry 3293; leather buffing and pal-
ishing wheels in Industry 3291; and leather castume tewelry In
Industry 3691,
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STONE, CLAY, AND GLASS PRODUCTS

This majar group includes establishments engaged In manufac-
turing fat gtoss and ather glass praducts, cement, structural clay
praducts, pottery, concrete and gypsum praducts, cut stone praducts,
abrasive and asbestas products, etc., fram materiols token principalty
fram the earth in the farm aof stane, clay, ond sond. When separate
reports are available lor mines and gquariies aperated by manutactur.
ing establishments classified in this mojar group, the mining activities
are classified in mining industries; when seporate reports are naot
availahle, the mining activities are classified with the manufacturing
aperations and classified herein.

FLAT GLASS:

Flat Glass (§:901, C.D).—Establishments primarily engaged in
manufacturing flat glass, inctuding plate glass, clear windaow
glass, ralled glass, figuied and wire glass, apalescent ord ab-
scured gloss, and cathedral and skylight glass. This industry alsa
inciudes estoblishments that produce laminated glass fram glass
praduced in the same estoblishment, Establishmenls primarily en-
gaged in manufocturing laminated gloss from purchased flat glass
are classified in industry 3231,

GLASS AND GLASSWARE, PRESSED OR BLOWN:

Glass Containers (5-99; C.99).—Establishments primarily engaged ‘n
manufacturing glass cantainers for commercial packing and Lat-
tling, oand for hame canning. Products of this industry may be
machine mode ar hand-made ond include ampaules, carbays, cos-
metic jars, fruit jors, medicine botttes, milk bottles, viols, and
beverage and beer battles.

Pressed and 8lown Glass and Classware, N.E.C. (5.96;, C.97).—Es.
tablishments primarily engoged in manutocturing glass and
glassware, n.e.c., pressed, blown, ar shaped fram glass pro-
duced in the same estabtishment, Establishments primarily en-
gaged in manufacturing textile glass fibers are alsa included in
this industry, but establishments primarily engoged in manufac-
turing glass waal insulation products are classified in indusrty
3296.

Establishments primarily engoged in the production of pressed
lenses for headlights, beacans, and lanterns are alsa included in
this industry, but establishments primarily engaged in the produc-
tion of optical lenses are classified in industry 3831, Establish-
ments primarily engoged in manutacturing glass cantainers are
classified in industry 3221, and camplete electric light bulbs in
industry 3641,

GLASS PRODUCTS MADE OF PURCHASED GLASS:

Glass Products Maode of Purchased Glass {5-90'; C.D).—Establish.
ments primarily engaged in manufacturing glass nraducts fram
purchased glass, including laminated or safety glass, ‘lained,
leaded, arnamented, ond decarated glass; mirrors; cutware; scien.
tific-apparatus glass; glass navelties; masiac glass, round gloss;
cut, beveled, and etched glass; and glass walch crystals. Estab-
lishmeats primarily engaged in manufacturing opticol lenses and
ophthalmic lenses are classified in Majar Graup 38, Instruments
anc Related Products; glass fabrics in industry 2221; gless insu-
lation in industry 3296; glass fishing rads in Industry 3949,

CEMENT, HYDRAULIC:

Cement, Hydraulic {$-99; C-100).—Establishments primarily engaged
in menufacturing hydraulic cement, including partland notural,
masanry, and puzzalan cements,

STRUCTURAL CLAY PRODUCTS:
8rick and Structural Clay Tile (5-98; C.98).—Establishments primar-
ily engaged in manufacturing clay building brick, vitrified paving
brick and hallow structural tile. Establishments primarily encoged
in monufacturing clay firebrick are classified in industry 3755;
nanclay firebrick in industry 3297; sand lime brick In industry
3299, and gtass brick in indushy 3229,

Ceramic Wall ond Floor Tile {$.95; C.99).—Establsihments pri-
marity engaged in manufacturing ceramic mosaic tile, glazed
wall tile, quorry tile, and aother types of ceramic wall and flaar
tile. Estabtishm=nts primarily engoged in manufacturing hollow
structural tile and ceromic and sall glozed tacing tile are classi-
fied in industry 3251; drain tile .u industry 3259; asphalt floor
tile in industry 3292; rubber tlie in indusrty 3049; cork wall and
floar tile in industry 2499; and other hard surface floor coverings
in industry 3982. Chino ond earthenware bothraom accessories
{towel racks, soap cups, etc.]) are classified in Industry 3261,

Clay Refractories ({5.91; C.93).—Estnblishments primarily engaged
in manvufacturing clay firebrick, cruciblzs, and ather heat-resisting
ctay products such as glass-house tank blocks, stoppers, fioaters,
ond rings. Establishments primarily engaged in manufacturing
nonclay refractaries, as well as all grophite refractories whether
of carban band or ceramic bond, are classifled in Indus'ry 3297,
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Structural Clay Products, N.E.C. (5-89; C-95].—Establishments pri-
marily engoged in manutacturing clay sewer pipe ond kindred
praducts made of clay, and structural clay prad ‘cts, n.e.c., such
as architectural terra catto, raaofing tile, stove lini, flue lining,
chimney pipes, thimbles ond taps, wall coping, seyment btacks,
drain tile and odobe brick. Establishments primarily engaged In
manufacturing concrete sewer pipe and classified in industry
3272; cast iran sewer pipe in industry 3321; and plastic pipe In
industry 3079.

POTTERY AND RELATED PRODUCTS:

Vitreaus China Plumbing Fixtures and China and £arthware Filtings
and Bathroom Accessarins {5-97; C.97).—Establishments primarily
engaged in manutactur'ng china plumbing fixtures and china and
earthenware filtings ond bathraom accessaiies.

Vitreous China Table and Kitchen Articles {5-90; C-91).—Estoblish-
ments primarily engoged in manufacturing vitreous china table
and kitchen articles far use in households and in hotels, restau-
rants, and other commerciol institutions for preparing, serving, or
staring foad ar drink. Establishments primarily engoged in monu.
facturing fine (semivitreaus) types of earthenware {whiteware} ta-
ble and kitchen articles are classified in industry 3263.

fine Earthenware (Whiteware) Table and Kitchen Articles {5-92,
C-91).—Establishments primarily engoged in manufacturing fine
(semivitreaus) types of earthenware table and kitchen articles for
preparing, serving, ar staring food or drink, Establishments pri-
marily engaged in manufacturing vitreaus china table and kitchen
articles are classified in industry 3262.

Porcelain Electrical Suppties (5.91; C.95).—Establishments primarily
engaged in manufacturing parcelain electrical insulatars, molded
porcelain parts for electrical devices, steatite electrical praducts
and ather electrical supplies fram clay and other ceramic mate-
rials,

Pattery Praoducts, N.£.C. {5-87; C-89].—Establishments primarily en-
gaged in firing and decorating white china ond eorthenware for
the trade and monufocturing art and arnamental pottery, indus-
trial ond laboratory pottery, stoneware and coarse oarthenware
table ond kitchen articles, unglazed red earthenware florists’
orticles, and other pottery praducts, n.e.c.

CONCRETE, GYPSUM AND PLASTER PRODUCTS:

Cancrete 8rick ond 8lack ($-92, C.B4).—Establishments primarily
engaged in manufacturing cancrete building blocks ond brick
from o combination of cement ond aggregate. Cantractors en-
gaged In concrete construction wark are clossified in the construc.
tion industries, and building malerials dealers primarily engaoged
in mixing and delivering ready mixed concrete In industry 3273,

Concrete Products, Except Block and Brick {5-94; C.94).—Establish-
ments primarily °~ngaged in manufacturing cancrete products, ex-
cept block and brick, fram a combination of cement and aggre-
gate. Confractors engaged in concrete construction work are
classified in the construction industries, and building materials
dealers primarily engaged in mixing and delivering ready mixed
concrete in industry 3273,

Ready Mixci Concrete {$-92; C.98).—Establishments primorily en-
gaged ir manufacturing Portland cement concrete, monufactured
and delivered to o purchaser in a plostic and unhardened state,
This inc.ustry includes production and sale of cential mixed con-
crete, shrink mixed concrete and transit mixed concrete,

Lime (5-82; C.94).—Establishments primarily engaged in manufac-
turing quicklime, hydroted lime, ond dead burned dolomite from
limestane, dolomite shells, or other substances.

Gypsum Products {5-97; C.98).—Fsiablishments primarily engaged
in mar ufacturing plaster, plasterboard, and other products cam-
posed ~holly or chiefly of gypsum,

CUT STONE AND STONE PRODUCTS:

Cut Stone and Stone Praducts {5-94; C.99),—Establishments primar-
ily engaged in cutting, shaping, and finishing maible, granite,
state, and ather stone for building ond mlscelloneaus uses. Es-
fablishments primarily engaged in buying or selling partly fin-
ished manuments and tambstones, but perfarming no wark an the
stones other than lettering, finishing, or shaping to custam order,
are classified in trade industries, The cutting of grindstanes,
pulpstones, and whetstones at the quarry is classified in mining
industries.

ABRASIVE, ASBESTOS, AND MISCELLANEOUS NONMETAL-
LIC MINERAL PRODUCTS:

Abrasive Praducts {5.70"; C.95).—Establishments primarily engaged
in manufacturing obrasive grinding wheels of notural or synthetic
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materials, and ather abrasive products, The culting af grind.
stones, puipstones, and whetstanes at the quairy is classified In
mining industries,

Asbestos Products (S-95; C-91).—Establishmeni: primarity angaged
in manufacturing asbestos textiles, asbestos f:icllan moterlals, vi-
nyl asbestas floar tile and ather commadities composed wholly ar
chiefly of osbestas, eacep! osbestos paper (industry 2461}, steam
and ather packing, pipe ond boiler cavaring, and gaskets {indus.
ry 3293},

Gaskets, P-cking, and Asbestos Insulations {5-81; C-78).—Establish-
ments primarlty enganged In manufocturing packing for steam,
woter, and other pipe joints, and for engines, air comaressors,
eic.; goskets; ond asbastas insulating materials for covering bait-
ers ond pipes. Establishments primarily e juged in manufacturing
leather packing are classified in industry ,121, rubber packing in
industrty 3069, metal packing in industry 3599. ond mineral wool
and insvlation products in industry 3296.

Minerols ond Earths, Ground ar Otheiwise Treated {S-94; C.86).—

Establishments aperating withot! a mine and primarily engaged
in crusking, grinding, putverizing, or otherwise preparing clay,
ceramic, and refroctary minerols {of the type in minerals Industry
Group 145); barite {mincd by industry 1472); miscetlaneaus nan-
metaltic minerals, except fuels (tolc, gypsum, graphite, and ather
minerals of the type ~‘ossified in minerals Industry Graup 149);
ar in lrushing slag ar preparing roofing granules. Haowever, es-
tobiishmenls preparing such nanmetallic minerals ar roafing gron.
ules in conjunction with o mine at the site are classified In the
mineral indusiries. The crushing and grinding of stane, the prep-
aration of sand and gravel (minerals Industry Group 144) ond of
chemical and fertilizer minerals, except barite {minerals Industry
Group 147, except industry 1472} are classified in the mineral
industries whether or nat the establishment includes o mine. The
beneficiation or preporatian of melalic ares ond the cleaning
and grading af coal at the time ar al separately aperated prepa-
ration plants are classified in the minera! industries.
The cade number for this Industry in the Standard Industriol
Classificatian Manual is vnchanged, but the content af the indus.
try hos been slightly chonged fram the classification system used
in 1958. The camposition aof the industry as nuw canstituled,
compored with that under the classification system followed in
the 1958 census is due principally to {1} the reclassification of
exfaliated vermiculite fram industry 3296 ta industry 3295 ond
{2) the inclusion of raofing granules praduced in canjunctian
with mining operations in the minerat industries for 1963, In
prior years these roofing granule plants were included in industry
3295,

Mineral Waat ($.-90; C-96).—: tablishments piimarily engaged in
manufacturing mineral wool and mineral waal insulatian praducts
made of such silicious materials as rock, slog, and glass, or
cambinations thereaf. Estoblishments primarily engaged in manu-
focturing osbestas insulation products are clossified in industries
3292 ond 3293, textile glass fibers In industry 3229, and exfal-
ioted vermiculite praducts in industry 3295. Exfaliated vermiculite
wos reclossified fram industry 3296 (in 1958) to industry 3295,

Nonclay Refractaries (5.94; C.88).—Establishments primarily en.
gaged in manvfacluring refractars and crucibles made af mote-
rials other than clay. This industry also inctudes establishments
primarily engoged in monufacturing all graphite refractaries,
whether of carbon bond or ceramic bond. Establishments pri.
morily engaged in manufacturing clay iefroctories are classified
in industry 13255,

Nonmetallic Mireral Products, NEC {$.86; C-96).—Es‘=blishments
primarily engaged in the factory production al stotuary and ort
gaods made of plaster of Paris and papier-maché and in monu-
facturing sand lime praducts, sheet mica products, and other
nanmetallic mineral products, n.e.c.

PRIMARY METAL INDUSTRIES

This majar gravp includes establishments engaged in the smelt.
ing and refining of ferrous and nonferrous metals fram are, pig, or
scrap; in the rolling, drawing, oand alluying of ferrous and nonferrous
metals; in the manufaciure of castings, forgings, ond ather basic
products of ferraus and nonferrous metals; and in the manufacture of
naits, spikes, and insulated wire and coble. This major group alsa in-
ctudes the praductian of cake.

BLAST FURNACES, STEEL WORKS, AND ROLLING AND
FINISHING MILLS:

8last Furnaces {Including Cake Ovens}, Steel Works ond Rolling
Mills [S; C)'?.—Establishments piimarily engaged in manufactur.
ing hat metat, pig iron, silvery pig iran, and ferraalloys fram
iron ore and Iran and steel ;crap; canverling pig iron, scrap iron
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and scrap steel into steel; and in kot re ling iren and steel Into
basic shapes such os plates, sheets, strips, rods, bars and tub-
ing. Merchant blast firnaces and by-product ar beehive coke ovens
are also included in this industry.

Included in this Industry ara all establishments engaged in the
monufacture of blast furnace ferraallays. Haowever, establishmenis
which manufacture ferro or nonferraus additive allays by electra-
metatlurgical pracess are classified in industry 3313. Also, estab.
lishments which draw wire fram purchased rod and bor; estab-
lishments which perform only cald rolling, drawing ar finlshing
operations; and establishments which produce welded, seamless,
and heavy riveted pipe from purchased materials are nat includ-
ed in industry 3312, but are included in industries 3315, 3316,
ond 3317, respectively.,

Electrometallurgical Praduets {5.85.90; C-77)').—Establishments prl-
marily engaged in marufacturing ferro and nonferraus additive
alloys by electrometallurgical processes, inctuding high percent.
age ferraalloys and high percentage nonferraus odditive allays.
Ferroallays ond other additlves praduced in blast furnaces are in-
cluded in industry 3312,

Steel Wire Drawing ond Steel Noils ond Spikes {$-89; C.30)M,—
Establishments primarily engaged in drowing wire from purchased
iron ar steel rods, bars, ar wire and which moy be encnged in
the further manufacture of products made fram wire; ord fhose
primarily engoged in manufacturing s:nel nails and spikes tram
purchased materials. Rolling mills enga; ~d in the production of
ferrous wire from wire rads or hat ralled bars praduced in the
same establishment are clossified in industry 3312, Estoblishments
primarily engaged in drawing nonlerraus wire are clossified in
industry Group 335,

Cold Ralled Sheet, Strip, and Bars {5.94; C.20}".—Establishments
primarily engaged in {1) cald ralling steel sheets and strip fram
purchased hot ratled sheets; (2} cold drawing steel bars and
steel shapes from purchased hat rolled steel bais; and {3} pra-
ducing ather cold finished steel. Establishments primarily engaged
in the production of steel, inctuding hat ralled steel sheels, and
further cald ralling such sheets are included in industry 3312,

Steel Pipe and Tubes (5.91; C.37).—Establishments primoiily en.
gaged in the praduction of welded or seamleys steel pipe ond
heavy riveted steel pipe fram purchased inaterials. Establishments
primarily engaged in the praduction of steel, including steel skelp
ar steel blanks, tube rounds, or pilerced billets oie clossified in
industry 3312,

IRON AND STEEL FOUNDRIES:— This graup includes establish.
menls primarily engaged in monufacturing iran and steel cast
ings. These establishments generally operate an o {ob ar arder
bosis, manufacturing castings far sale ta others or far inler-
plant transfer, Establishmants which praduce iran and steel cast
ings and which are alsa engaged in fabricating operatians such
as machining, assembling, etc., in manufacturing o specified
pioduct are ctossified in the industry of the specified praducl,
Iran and steel costings are made lo a considerable extent by
establishments, classified in ather industries, thot aperate
foundry departments for the praduction of costings faor incorpora-
tion, in the same establishment, into such praducts as staves,
furnaces, plumbing fixtures, matar vehicles, etc, Establishments
primarily engaged in the manutacture and ralling at steel and
alsa making steel castings are classified in industry 3312, Es.
tablishments primarily engaged in manufaocturing nanferraus cast.
ings are classified in Industry Graup 336.

Gray Iran Foundries ($.93; C-88). —Establishments primarily en-
gaged in moanulacturing gray iron castings, including cost iran
pressure and soil pipe and fittings. Eslablishments primarily en-
gaged in monvlccturing volves and fittings, excep! plumbers’
brass goods and fittings, are classified in industry 3494,

Malleable Iran Foundries (S.87; C€.87).—Establishments primarily
engoded in manufacturing malleable iron castings.

Steel Faundries (5-85; C.89).—Eslablishments primarily engaged in
manvfacturing steel castings.

PRIMARY SMELTING AND REFINING OF NONFERROUS
METALS AND ALLOYS:

Primary Smelling and Refining of Copper {S; C)™.—Establishments
primarily engaged in smelting capper from the are, and in refin.
ing copper by electrolytic ar other pracesses. Establishments prl-
marily engaged in ralling, diawing or extruding capper are clas.
sified in Industry 3351,

Primary Smelting and Refining of lead {S; C)Y.—Establishments
primorily enpaged in smelting lead fram the are ond in refining
lead by any process. Establishments primarily engoged in ralling,
drowing, or exlruding lead are classified in industry 3356.

Primary Smelting and Refining of Zinc {5-92; C.81'%).—Establish.
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ments primaiily engoged in smeltiny zinc from the ore, ond
in refining zin,, by any process. Establishmenls primorily en-
gaged in rallir ©, drawing or extruding zinc ore clossified In
industry 3356.

Primary Production of Aluminum ({5.100; C-75'4).—Estoblishments
primarily engoged in praducing aluminum from aluming, ond In
refining aluminum by any process. Establishments primarily en-
goged in ralling, drawing ar extruding aluminum ore classified in
industry 3352.

Primary Smelting ond Refining of Narlerrous Metals. NEC {5-83;
C.39Y).—Establishments primarily engaged In smelting and refin.
ing nanferraus metals, n.e.c. Estoblishr ents primorily engaged in
ralling, drawing, and extruding t.ese nonferrous primary metals
ore classified in industry 3356, ond the production of bullion
and the site af the mine is clossified in the mining industries.

SECONDARY SMELTING, REFINING, AND ALLOYING OF
NONFERROUS METALS AND ALLOYS:

Secondary Smelting and Refining of Nonferrous Melols (5-94; C.
26'").—Establishments primarily engoged in recavering nonferraus
metals and allays fram new and used scrap and dross, but which
are rot engoged in further tabrication. This industry includes es-
tablishnicn’s engoged in both the recavery and alloying aof pre.
cicus metals. Plants engoged in the recovery aof tin through
secandary smelting ond refining, os well s by chemicat pracesses,
are included in this industry, Establishments primoi engaged
in assembling, sarting, and breaking up scrap metol, wilhout
smelting ond refining, are classified in trode indusiries.

ROLLING, DRAWING, AMD EXTRUDING OF NONFERROUS
METALS: )

Rolling, Drowing, ond Extruding of Capper (5:90;
C.91).—Establishments primarily engoged In rolling, drawing ond
extruding capper, brass, bronze and alher copper-base olloy bo-
sic shopes such as plate, sheet, strip, bur, ond tubing. Establish-
ments primarily engaged in recovering capper and ity allays from
scrap ar drass are clossified in industry 3341,

Ralling, Drawing ond Extruding aof Aluminum (5-85, C.9317),—
Establishments primanly engoged in ralling, drawing and
extruding oluminum and oluminum-base allay basic shopes such
as plate, sheet, bar, tubing and foil.

Rolling, Drawing ond Extruding ol Nanferrous Melals. Except Cop-
per and Aluminum {5.84; C.81?°),—Establishmenls primarlly en.
gaged in ralling, drawing ond extruding nanferrous metols ather
thon capper (industry 3351), and aluminum {industry 3352). The
praducts of this industry ore produced in the form of basic
shapes, such as plate, sheet, strip, bar ond tubing. Estoblish.
ments primurily engaged in recovering nanferraus metals and al-
loys fram scrap or dross are classified in industry 3341; in manu.
focturing gald, silver, tin ond other foils, except aluminum, in
industry 3497; ond ailuminum foil in industry 3352,

Drawing and Insuloting of Nanferrous Wire (5.99; C.86%1),—
Establishments primarily engoged in drawing, drowing and insy-
lating, and insuloting wire and cable of nonferrous metols from
purchosed wire bars, rads ar wire.

NONFERROUS FOUNDRIES:

These loundry industries camprise establishments primorily engoged
in manulacturing aluminum costings, including cast aluminum
caoking utensils {3361), brass, branze, and copper castings in-
cluding unmachined bearings and bushings (3362), ond other
nonferrous castings (3369). Thase primarily engaoged in manu-
lacturing  iran and steel costings are clossified in Industry
Graup 322

Far these industries, coptive praduction (thot is, the tonnoge of
costings praduced for incorparatian inta lhe final praduct al the
rlont ar company) is o particularly impartant foctor. Distinction
is mode between rough castings and costings which are mochined
or lurther processed and incarporated inta olher praducts, The re.
moval a! gates, risers, sprues, and tumbling, dipping, ond sand
blastings da nat canstitute machining. Plants primarily engoged
in manulacturing castings are included in the foundry industries;
plants piimarily engaged in further pracessing costings inta ports
lar metal praoducts ar machinery are clossified In other mojor
groups.

Far the 1963 ond 1958 Censuses uf Monufactures separote estob.
lishment reports were received fram all cammerciol (jobbing)
loundries and fram those coptive foundries which were aperated
03 separate establishments by the reporting campaonies. These two
graups camprise the types of esloblishments included in industries
3361, 3362, ond 3369. Hawever, where the coptive faundry op-
eratian wos campletely integroted wilh the aperalions in the en-
tire plant, no separate estoblishment repart wos received for the
foundry activity. In these instonces dalo were obtoined an the
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tonnoge af costings produced and consumed ond on the number
of employees usually ergagu 'n the captiva foundry aperalion.
However, ectoblishments with uch foundry we,artments were
clossified an the basis of the plaat’s final praduct and accord:
ingly the generol statislics on employment, payrall, cost of
moterials, etc., ore included in the data for such industries os
3432 and 3494, etc.

Aluminum Costings (5.81; C.83).—Establishments primarily engoged
in manulacturing costings ond die castings of oluminym,

8.23s, Bronze, Copper, Capper-Bose Alloy Castings (5.-84; C.78).—
Establishments primarily engaged in monufacturing costings ond
tie castings of copper ond copper-base ollay.

Nonferrous Costings, N.E.C. (5.78; C-75).—Establishments primarily
engaged in monufacturing castings ond die costings aof nonferraus
materiols except oluminum, copper and copper-bose alloys.

MISCELLANEOUS PRIMARY METAL INDUSTRIES:

Iran ond Steel Forgings (5.89; C.69??).—Establishmenls primorily
engoged in monufocturing light ond heavy boord drop, steam
hommer, upset, and press iran ond steel fargings with or without
the use of dies. Rolling mills engogad in the praduction of iren
and steel forgings ore classified in Industry 3312,

Nonferraus Forgings (5.69; C.55).—Establishments primorily en.
gaged in monufocturing, with or withou! the use aof dies, farg-
ings aof oluminum, titonium -opper and other nonferrous metals
ond alloys,

Primary Metol Industries, N.E.C. {5.93; C.87).—Establishments pri.
marily engcged in monufacluring primary metal praducts, n.e.c.,
such os nonferraus noils, brods, ond spikes; metal powder,
flokes, and poste; and establishments primarily engoged in heot
reating of metol for the trode; also those estoblishments pri-
marily engaged in reclaiming metallics fram slog.

FABRICATED METAL PRODUCTS, EXCEPT ORDANCE,
MACHINERY, AND TRANSPORTATION EQUIPMENT

This mojar group includes eslablishments engoged in fobricot.
ing ferrous and nonferrous metol producis such os metal cons, fin-
wore, hond tools, cutlery, general hardwore, naneleciric heating
opparatus, fabricoted structurol metal products, metal stampings, and
o variety of metol ond wite products, n.e.c. Certoin impartant seg-
ments of the metol fobricating industries are classified in alher maojor
groups such os ordnonce in Majar Group 19; mochinery In Major
Groups 35 ond 36; tronspartotion equlpment In Majar Group 37; pro:
fessionol, scientific, ond cantiolling Instruments, watches and clocks in
Major Group 38; ond jewelry ond silverware In Majar Group 39, Es-
toblishments primorily engoged In proc .ing ferrous and nonferraus
metals and their alloys ote clossified in Mojor Graup 33.

METAL CANS:

Metol Cons (5:97; C.98),~-Estoblishments primarily engaged in
manufacturing metol cons from purchosed tinplote, terneplate,
blackplote, ar enomeled sheet metal. Establishments primorily an.
goged in the monufocture of camposilte cans mode partiolly af
metal and porily of nonmetollic materiols [such os fiberboord)
are excluded from this Industry.

CUTLERY, HAND TOOLS, AND GENERAL HARDWARE:

Cutlery (5-89; C.97).—Establishments primarily engaged in monu-
focturing cutiery. Establishments primarily en-oged in monulac:
uring table cutlery made entirely of metal are clossified in
industry 3914; those monufacturing electric rozors in industry
3634; ond those monufacturlng hair clippers for human use in
industry 3999, and far onimol use in industry 2.,22.

Hond ond Edge Tools, Except Machine Tooi: and Hond Sows (5.87;
C-84).—Establishments primorily engoged in manufocturing files
ond ather hand ond edge tools far metalwarking, waodworking,
ond general mointenonce. Establishments primarily engaged in
monuforiurlng sows are clossified in industry 3425; and metal
cutting dies and power driven hand taols, ond attachments and
accessorios for machine tools in Malor Group 35.

Hond Saws ond Sow 8lodes {5-78; C.85).~~Establishments primorily
engoged in monutocturing hand sows ond sow blades lor hond
ond power driven sows. Estobiishments primarily engaged in
manufocturing power driven sowing mochines are classified in
Maojar Group 35.

Hordwaore, N.E.C. (5.91; C.93).—Estoblishments primarily engoged
in manufocturing miscelloneous metol praducts wsuolly termed
"'hordwore’’ ond n.e.c, Establishments primorily engaged in mon:
ufacturing bolts ond nuts ore clossified in industry 3452, nails
ond spikes in Major Graup 33, cutlery in industry 3421, hond




tools in Industry 3423, ond pale iine ond tronsmission hordwore
in Major Group 36.

HEATING APPARATUS (EXCEPT ELECTRIC) AND PLUMBING
FIXTURES:

Enomeled Iron and Metal Sonitary Ware (5-84; C-91).—Establish.
ments primarily engaged in monufacturing enomeled iron, cast
iran, ar pressed metal sanitary wore. Estoblishments primorily en.
goged in manufacturing vitreous and semivitreous pottery sanitory
ware are clossified In industry 3261; ond those monufacturing
parcleain enameted kitchen, hausehald, ond hospital wore in in-
dustry 3461,

This industry includes establishments which fall into two signifi.
cantly different cotegarie: nomely thase producing cast iran
plumbing fixtures and those producing metol fixtures of pressed
metal. Accardingly, the monufacturing plonts included In this in-
dustry invalve different manufacturing pracesses depending upon
the line of products produced. Thase fixture plonts producing cost
iran fixtures include significant foundry aperations while the
pressed metal fixture plont. ore more closely allied to metol fob-
ricoting plants producing their product by farming processes
{stomping, drawing, etc.).

The aperotions of the lorgest estoblishments n this industry cover
the entire pioduction process including the ¢ sting of tho fixture
thraugh the madhining, finishing, ond assen bly operations. In
generol these procusses are carried on of o siigle manufacturing
plont., However, in o fsw instances the founcry operations were
perfarmed ot separate locotions ond, accordirgly, those seporate
foundries were clossified in the foundry indu:iries (SIC Industries
3321, 3322, 3323, 3361, 3362 ond 3369). |1 the latter case the
plants classifie 4 in this industry would be fimited tao machining
and finishir.  operotions on costings received fram their ossa-
cioted plonts.

Plumbing Fixture Fittings and Trim (8rass Goods) {5-90; C-83).—Es.
toblishments primorily engoged in monufocturing plumbing fixture
fitings and trim (brass goods}). Estoblishments primorily engoged
in the manufacture of steam or water line valves are ciossified
in industry 3494,

Heating Equipment, Except Electric (5-76; C-81).—Estab.ishments
primarily engaged in manufocturing hecting equipmen® far oft
purposes other than paper, including oli gos, ail, ond st ker coal
fired equipment for the automotic utilizetian of gaseous, liquid,
and soiid fuels. Estoblishments primarity engoged in manufactur.
ing electric stoves and ranges ore clossified in industry 3431;
baiier shops primarily engoged in the production of indusiriot,
powar and morine boilers in industry 3443; ond industriel pra-
ess furnoces and ovens in industry 3567.

FABRICATED STRUCTURAL METAL PRODUCTS:

Fobricoted Structuroi Steei (5-86; C-89).—Estoblishments primorily
engoged in manufocturing fobricated iran ond steel or other
metat for structural purposes, for bridges, buildings, ond sec.
tions for ships, boats and borges. Estoblishments primarily en-
goged in manufacturing metal daors, sosh, frames, molding and
trim are classified in Industry 3442; ond fabricetion work done
by construction controctors of the site of construction is classi.
fied In construction industries.

Metai Daars, Sosh, Frames, Molding ond Trim (S.8; C.94).—Estab-
tishments primorily engoged in manufocutring ferrous and nonfer-
rous metal and metol cavered doors and sosh, window ond door
frames ond screens, molding ond trim,

Fabricoted Plate Work {Boiler Shops) (5-89; C-83).—Estoblishments
primorily engoged in manufacturing pawer ord morine bailers,
pressure and nanpressure tanks, processing ond staroge vessals,
heat exchongers, weldmen's ond simiiar products by the process
af cutting, farming ond joining metol plotes, shopes, bars, sheet,
pipe mill products and tubing to custom or stondord design for
foctory or field assembly. Estoblishments primority engoged In
monufocturing nonelectric heoting oporotus other thon power
boilers ure ctlassified in industry 3433, and household coaking
opporatus in industry 3631,

Sheet Metal Work (5.88; C-78).—Estoblishments primorily engaged
in monutacturing sheet metol work for buiidings (nat including
fobricotion work done by construction contractors at the pioce of
construction), ond manufocturing sheel metal stove pipes, light
fonks, efc. Estoblishments in the sheet metol field are frequently
engoged in activities which overiop the economic divisions of
manufacturing, wholesale, service ond construction, ond some dif-
ficulty Is experienced in distinguishing o sheet metai monufactur.
ing establishment from other sheet metoi whoiesalers, Estabtish-
ments performing monufacturing operotions incidentoi to thelr
instoltation aor tontractng business ore exciuded from the census
of monufactures. Conversely, many of the plonts inciuded in in-
dustry 3444 are engoged ta a secondory extent in wholesaling or
installing sheet metal items.

Architecturai ond Ornamental Metai Work (5.86; C-71).—Estoblish.
ments primorily engoged in monufocturing architectural and arna.
mental metoi work of ferrous ond nanferrous metals, such as
stairs ond stolrcoses, open steel flooring (grating}, fire escapes,
orills, roilings, ond fences ond gotes except wire. Estoblishments
primoriiy engoged in monfocturing prefobricated and nortabie
metol buildings and ports, ond miscelioneous metal work are
¢lossified In industry 3449.

This industry wos not defined in the SIC for 1958 Lut wos then
port of industry 3449,

Misceltaneous Metal Work (5:89; C-68).—Establishments primorily
engaged in monufocturing miscelloneous ferrous and nonferrous
metol work, such os prefabricated and portable metol bulidings
ond ports, metol plaster boses, fobricated bar joists and concrete
reinfy cing bars, ond prefabricated exterior metal panals,

This irdustry as redefined in the SIC for 1903, Industry 3446,
shown obove, wos port of industry 3449 in 1958.

SCREW MACHINE PRODUCTS AND BOLTS, NUTS, SCREWS,

RIVETS AND WASHERS:

Screw Mochine Products (5§-97; C.90}.—Estabiishmonts primorily
engogad in monufocturing autometic or hand screw mochine
products from rod, bar, or tube stack of metat, fiber, plostics, or
other moteriol. The products of this industry consist of o wide
voriely of unossembled parls ond are usvalty manufoctured on a
fo' or order bosis. Establishments primorily engoged in monufoc-
turing stondord bolts, nuts, rivets, screws, or other industrial fos.
teners, on heoders, threoders, ond nut forming machines are
clossifled in industry 3452,

Induztry 3451 includes estoblishmants producing o wide variety
of flems such os smoil mochinery ports, etc., on hand operated
and outamotic screw mochines from rod, bar and tube stock ond
from costings ond forgings, These products are produced aimost
entirely on o job or order bosis. Included are screw mochine de-
portments or plonts of companies primoriiy engeged in producing
finished end products where such octivities could be reported sep-
altely. However, in mony instonces captive screw machine opera-
tions were so Integroted with other octivities tho! separate
reports were nat obtained and the entire estoblishment was class-
ified an the bosis of its primary products.

Bolts, Nuts, Screws, Rivets, ond Washers (5-92; C-90).—Estobiish.
ments primarily engoged in manufocturing bolts, nuts, screws,
rivets, washers, formed ond threaded wire goods, ond speciot
indusiriat fosteners, Roliing miils engoged in manuvfacturing siml-
iar products ore clossified In Mojor Group 33, and estoblishments
primarily engoged in monufocturing serew machine products in
industry 3451,

Pionts included in industry 3452 in generol are engoged In the
monufocture of bolts, nuts, screws, ond rivets of stondard types
and sizes on heoding, threoding, «nd nut forming mochines.
These establishments moy be aiso engoged in the production of
special industriol fosteners which require special or added opera-
tions or the use of speciol fools ond fixtures. These items include
boits, nuts, screws, elc,, of nonstandord fypes and sizes and pe-
cial fasteners mode by stomping and other forming processes.
To a iesser extent these plonts manufociure standard type bolts,
nuls, screws, efc,, on automotic and hand aperated screw ma-
chines.

METAL STAMPINGS:

Metoi Stampings (5-84; C-86).—Establishments primarity eagaged In
manufocturing metal stompings by the use of tools, dies, jigs,
and fixtues to punch, drow, form, or otherwise modify materials
under pressure in o mochine {primorily punch and drow presses).

Estobtishments in Industry 3461 produce both job stampings and
finished end products. Job stampings are mode from moteriais
owned by the stomping establishments as weli as from materiols
owned by the customer and processed by the stamping estabiish.
ments on a controct or commission basis. These stampings are
mainly ports which ore sold to manufocturers for incorportotion
into any of o wide variety of products such as refrigeralors, a,-
ticultural machinery, rodic and television sets, Finished end
products monufoctured by estbiishments in this Industry include
cooking, kitchen, ond hospitol ytensils {inciuding domestic pres-
sure cookers and proceiain enomeled utenseils), poils, ash cans,
garboge cons, perforoted metal products, melal commercial ond
home conning closures as well os @ farge voriety of miscella-
neous items,

Industry 3461 inciudes the stomping depariments af establish.
ments primariiy engoged in producing fabricated metal pioducts
where such stompitg octivites could be reported seporately, How-
ever, where coptive stamping operations were closely integrated
with other octivites, such as in the prodution of househoid appli-
onces, farm equipmen!, mofor vehicles, etc., separate reports
were nof obtained,
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COATING, ENGRAVING, AND ALLIED SERVICES:

Electroplating, Plating, Palishing, Anadizing, ond Calaring {57
C). —Establishments primarily engaged in all types ot electra.
plating, plating, anadizing, and calaring, and finishing of metals
ond farmed praduct: far the trade. Mast of the wark dane in thls
industry is done an materials awned by athers.

Coating, Engraving, and Allied Services, N.E.C. (S1; ClM).—
Establishments primarily engaged In perfarming the fallawing
types of services an metals: (1) enumeling, lacquering, and var-
nishing metal praducts far the trade; {2) hot dip galvanizing of
mill sheets, plates and bars, castings, and farmed praducts fobrl-
cated of iran and steel; in hot dip caating such items with glumi.
num, lead, ar zinc; in retinning cons and utensils; (3) in engrav.
Ing, chasing and elching tewelry, silverware, notarial ond aother
seals, ond ather metal praducts far the trade ond faor jab can-
tracting far purpases other thaon printing; {4) ond ather metal
services, n.e.c. Establishments primarily engaged in electraplat-
ing, plating, patishing, anadizing, calaring, and finishing of met.
als and farmed praducts far the trade are classified in industry
3471; and those praducing parcelain enameled praducts in indus.
try 3461,

Industry 3479 includes establishments engaged primarily in enam-
eling materials owned by athers. Establishments primarily en.
gaged in manufacturing vitreaus-enomeled products fram thelr
own materials are included in industry 3461, In addition, indus.
try 3479 cavers bath vitreaus and ather types af enameling {such
as baked enameling) whereas industry 3461 includus anly i
treaus.-enameling establishments us well as these praducing ather
types of metal stampings.

Industry 3479 includes establishments primarily engaged In gal.
vanizing iran and steel sheets ar farmed praducts: «n caaling
iran sheets ar farmed praducts with aluminum, lead, ar rzinc; and
in retinning cans and utensiis. Mast of the wark dane In this in.
dustry is done an materials awned by athers. Ralling mills en.
gaged In galvonizing, tinning, and ather caating are classified In
industry 3312, and establishments primarily engaged In manufac-
turing galvanized steel wire, from purchased metal rads ar bars,
are clossified In industry 3315,

Industry 3479 includes establishments primarly engaged in en-
graving, chasing, and efching iewelry, silverware, nofarial seals,
and other metal praducts far the trade, far purpases ather than
printing, Establishments primarlly engaged In preparing metal
lithagraahic plates and in printing fram such media are classified
In industry 2752; estabtishments primarily engaged in engraving
ond efching steel and capper plates and :n using these plutes ta
print stetianary, visiting caords, elc., are included in Industry
2753; ond establishments primorily engaged in preparing nhata-
engraved plates (holftanes and linecuts) are clossified In indus.
try 2793.

MISCFLLANEOUS FABRICATED WIRE PRODUCTS:
Miscellaneaus  Fabricated Wire  Praducts (5-93; C-65"%).—

Establishments primarily engaged In manufaciuring miscellaneaus
fobricated wire praducts fram purchased wire. Ralling mills en.
gaged In manufacturing wire praducts are classified In Mojor
Group 33; establishments nonufacturing nanforraus wire nolls
ond spikes in industry 3399; thase drawing ond insulating nan.-
feriaus wire In Industy 3357; and those assembling wire bed-
sPrings ar seals are clossified In Malar Group 25.

MISCELLANEOUS FABRICATED METAL PRODUCTS:
Metal Shipping Barrels, Drums, Kegs, and Pails (5-92; C.86).—Es.

tabiishments primarily sngaged in manufacturing ferigus and
nonterrqus shipping barrels, drums, kegs, and palls,

Sofes and Vaoults {S.81; C.90-95}.—Establishments primarlly en.

gogrd In monufacturing fire ar burglary reslstive steel sofes and
vaulls {except cancrete grave vaults, industry 3272, and metol
grave voults, Industry 3988), and similar fire or burglary resis-
tive praducts.

Steel Springs {5-91; C.67).—Establishments primarily engaged In

manufacturing teaf springs, hat waund springs and coiled fiot
springs. Establishments primarily engaged in monufacturing wire
springs are clossified in industry 3481, and ralling mills manufac.
turing steei springs In Industry 3312,

Volves and Pipe Fittings, Except Plumbers' 8rass Gaads {S-06; C-

85).—Establishments primarily engaged in monufacturing valves
far contralting the flaw of liquids ar gases in plpes and mains,
and far machinery, Establishments primarlly engaged in manufac-
turing foucets, spigats, and similor ptumbers’ brass goads and fit.
tings are clossified in industry 3432,

Collopsible Tubes (5-88; C.100).——Establishmants primarlly engaged

In manufacturing callapsible tubes defined as cylindrical cantain-

ers far vlscaus praducts, made ai thin flexible metal, usvally of
tin, tin lined iead, lead, lead-tin ailay, or aluminum, wlith inte.
gral shauider and nack, provided with an apprapriate size apen.
ing In the thraat, and usually with g screw cap made of plastic
material far closure over the neck.

3497 Metal Fail ond Lleaof {5-84; C.45).—Establishments primorlly en.
gaged in manufacturing gald, silver, tin and ather metal fail {in.
cluding canverted metai fail) and leaf. Establishments primarily
engaged In manufacturing plain aluminum foit are clossified In
industry 3352,

34vy Fabricated Pipe ond Fabricated Pipe Fittings {5-92; C.91),—Estab-
lishments primarily engaged in fabricaling pipe and plpe fittings
fram purchased pipe, by cutting, threading, bending, etc. Estab.
lirthments primarily engaged in manufacturing cast iron pipe and
fittinas, including cast ond farged pipe fittings which have been
machined ond threaded, are ciassified in Industry 3321; walded
and heavy riveted pipe In industry 3317; and seamtess steel pipe
in industry 3317, Establishments primarlly engaged in manufac.
turing products such os banisters, raitings, ond guards fram plpe
are clossified in industry 3446,

3499 Fabricated Metal Praducts, N.E.C. {5-89; C.62).—Establishments
primarily engoged in manufacturing fabricoted metai praducts,
n.e.c. Estabiishments primarily engaged In manufacturing adver.
tising navelties are classified in industry 3993, Specific preducts
of this industry Include ammunition baxes, metal strapping, ciu.
minum giftware (hammered}, metal baokends, lodders, and fob-
ricated rallroad track equipment, such os swilches, crossings, elc.
Establishments primariiy engaged in manufacturing castings or
fargings are classified In Majar Graup 33; hardware In industry
3429; metal stampings In Industry 3461; machine and equipment
parts in Majar Group 35 and Majar Graup 36.

35 MACHINERY, EXCEPT ELECTRICAL

This malar group Includes establishments engaged in manufac.
turing machinery ond equipment, other than electrical equipment [Ma.
lar Group 36) and transpartation equipment (Molor Group 37). Ma-
chines powered by built-In or detachable motars ardinarlly are
included in this major graup, with the exceptian of electrical house-
hald appliances (Malar Graup 36}, Partable taals, both electric and
pneumatic pawered, are Included in this major group, but hend taals
ore classified in Major Group 34,

351 ENGINES AND TURBINES:

Isn Steam Engines; Stream, Gas, and Hydroulic Turbines; and Steam,
Gos, and Hydraulle Turbine Generatar Sel Units (S-85; €.82).—
Establishments primartly engaged In manufacturing steam engines;
steam turbine; hydroulic turbines; gas turbines except alrcraft;
and camplete steom, gos, and hydrauile turbine generatar set
units. Establishments primarily engaged In building or rebuliding
locamatives are classified in Industry 3741; ond thase monufac-
turing nanautamative type generatars which are nat o part of o
turbine generator set in industry 3621.

3519 Internal Cambustion Engines, N.E,C. (5-86; C-86).—Eslablishments
primoarily engaged In monufocturing dirsel, semi-diesel, ar ather
Internal cambustion engines, n.e.c., far stationary, marine, troc.
tlon, and other uses. Establishments primarily engaged in menu.
facturing aircraft engines, Including rocket engines, are classified
In industry 3722, autamative engines {except diesel) in SIC in-
dustry 3714 {Census Industry 3717}, ond englne generctar sets In
industry 3621,

352 FARM MACHINERY AND EQUIPMENT:

3522 Farm Machinery aond  Equipment (5-89; C.95).—Establishments
primarily engaged in manufacturing farm machinery, Including
equipment and wheel tractars, for use In the preparation and
malntenonce of the soil; planting and harvesting of the crop;
preparing, an the farm, craps far market, ar for vse In perfarm.
ing ather form aperations and pracesses. This tndustry includes
wheel traclors, except cantroctars’ aff-highwoy type which are
clossified in industry 3531. Establishments primarily engaged tn
manufacturing industrial trucks, tractars, ond frailers used for
handling moalerials in industrial plants, depats, ond docks are
classified In industry 3537; ond form hand tools In Industry
Group 342,

353 CONSTRUCTION, MINING, AND MATERIALS HANDLING
MACHINERY AND EQUIPMENT:

3531 Constructian  Machinery and Equipment (5-91; C-89).—Establish.
ments primarily engaged In manufacturing heavy machinery and
equipment ussd by the canstruction Indusiries, such as bulldazers;
concrete mixers; cranes, except Industrial plant; dredging mechin.
ery; pavers, and pawer shavels, Establishments primarlly engaged
In manufacturing mining equipment are clossified In Industry
3532, ond well drilling machlnery in industry 3533,
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3532 Mining Machinery ond Equipmant, Excapt Ol Figld Machinary ond 3545 Machine Taaol Accossorias and Measuring Davices (S-83; C.84).—Es. g

3533

3534

3535

3536

3537

354
3541

3542

3544

Equipmant ({S-75; C€.82).—Estoblishmants primarily angaged in
manutacturlng heovy machinary and aquipman? used by tha min-
ing industries, such as caol braakars, mina cars, mineral claoning
machinery, cancantration machinary, cara drills, caal cutters,
partubla rack drills, and rack crushing machinary. Establishments
primarily engaged in manufacturing construction machinery ara
classified in industry 3531, wa!l drilling machinery In industry
3533, and caol and ora canvayars In industry 3535.

Oil Fiald Machinary and Equipmant {S.90; C.9t}).—Establishments
primaorily angaged in manutfacturing machinery and equipment far
vsa in ail and gas fields, ar for drilling watar walls.

flavatars and Moving Stairways (S-97; C.95).—Es ‘abiishman®s prl.
niarily engoged in manufacturing possengar or ! aight alavatars,
autamabila lifts, dumb walters, and maving stoirw.,* Establish.
ments primarily angogad in manufacturing cammarcial canvayar
systams and aquipmant are classifiad in industry 3535, and form
elevatars in industry 3522,

Canveyars and Canvaying Equipmant {5-82; C.83).—Establishmants
primarily angaged in manufacturing canvayars and canvaying
equipmant far installatian in factarias, warehausas, minas, ond
athar industrial and cammercial establishmants. Establishmonts
primarily angaged in monufacturing passanger ar raight elava-
tars, dumb waitars, ond maving stoirways ara clossified In indus.
try 3534; ond avarhead tiavaling cronas and manarail systams
in industry 3536.

Haists, Industrial Cranes, ond Monarail Systams {$-80; C.70).—Es.
tablishmants primarily ongagad in manufocturing avarhoad travel-
ing cranas, haists, ond maoancrail systams for installatian in
factarias, warahousas, and athur industriol and commercial astab-
lishments,

Industrial Trucks, Yroctars, ~ cilers, and Stackars {S-90; C.81).—E;s.
tablishments primarily e., ad in manutacturing industrial trucks,
tractars, trailers, stacka (truck type), and rolatod aquipment,
used for handling moterinls on fioors and pavad surfaces in ond
araund industrial and ca-amercial ptants, depots, dacks, and ter.
minals. Establishments p.imarily engagad in manufacturing matar
vehicles and motar veoicla typa troilars are classified in Industry
Graup 371; form type whaet tractars in industry 3522; whael
tractor shavel loaders, tracklaying tractors in industry 3531; ond
woad pallats and skids in industry 2499.

METALWORKING MACHINERY AND EQUIPMENT:

Machina Toals, Matal Cutting Typas (S-81; C€.88).—Establishmants
primarily angogaed in manufacturing pawer-driven machines, not
suppartad in tha hands of an oparator whon in use, that shapa
matal by cutting or use of elecirical equipment; the rebuilding af
surh machine toals, and tho manufacture aof replacamant parts
far them. Matatwarking, ar primarily matolwarking machine
taals designad primaorily far home warkshops are also included.
Eztablishmonts primarily angagad in the manufactura of afactric
walding aqulpmant ara classified in industry 3623; and partobio
pawer-drivan hand toals, gas welding and cutting aquipmant,
and autamativa maintenanca aquipment in industry 3548.

Machina Taals, Matol Farming Typas (S-86; C.79).~Establishmants
primarily engogad in manufacturing pawer-drivan machines, nat
supparted in the honds of an operatar while in usa, for pressing,
forging, hammaring, extruding, shaaring, banding ar dia casting
metal inta shapa. This industry alsa includes rabullding such ma.
chinas toois and manufacturing rapair parts for them. Establish-
mants primarity angagad in the manufacture of alactiic welding
aquipment ara classifiad in industry 3623; partablg pawar-driven
hand toals, gos walding and cutting equipmant, and outamativa
maintanonca aquipmart in industry 3548,

Special Dios ond Taals, Die Sels, Jigs, and Fixtures {$-93; C.72).

—Establishments primarily engagad In manufacturing, an o |ab
or order basis, spaciol taols ond fixtures far use with machine
taals, hammers, dia casting mochines, and prassas. Tha praducts
of establishmants classified in this industry include o wida varlaty
of speciol toolings, such as dies; punchas; die sets ond compa.
nents, and subpressas; |igs and fixturas; and spaciol chacking da-
vices. Establishmants primarily ongaged in manufacturing metol
malds far costing matals, far rubber warking, plostic warking
g9lass warking and similar machinory are alse includad.
This industry comprises establishments cammonly knawn os con.
troct toal and dia shaps; alse included are captiva taol and dia
shaps of matal-praducts praducers, whare such shaps wara sapo-
rofaly operated ond separata raparts wera filed. Howevar, the ta.
tol valua of shipmants exciudes tha coptlva pradu‘tlan of tool
and dio dopartmants making thesa praducts for tha axclusiva usa
of tha praducing astablishmant,

tablishments primorily angaged in manutacturing cutting teoals,
machlnists’ precision maosuring tools, and attachmants and accas-
sarios for machine faols and far other metalwarking machinery,
n.a.c. Estoblishments primarily engaogad in monufacturing hond
taals, except pawar-drlvan, ora classified in Industry Graup 342.

Metalwarking Machinary, Except Machlne Taals and Power-Drivan
Hand Taals {$.85; C.88).—Establishments primorily engaged In
manufacturing metclwarking machinery such as rolling miil meo-
chinery ond equipment, pawar-driven hand taals, walding equip-
mant, wire fabricating machinery and equipment, excapt wire
drawing dios, oand autamative maintenancs machinery and equip-
ment. Establishmants primarily engoged in manufacturing machine
toals, metal cutting fypes, are classifiad in industry 3541, ond
thasa primorlly engogad In manufacturing machine taals, metal
tarming typas, In industry 3542,

SPECIAL INDUSTRY MACHINERY, EXCEPT METAL WORKING
MACHINERY:

Thaso industries includo astablishmants primarily engaged In praduc.
tng Industrlal machlnary, axcept maotalwarking machinery, spa-
cially dasigned far usa in o spacific industry ar in o graoup of
Industrias. Machinery having general industrial application, i.e.,
usad in o number of Indusirias, rathar than in spacific oppli-
catians are nat Included In this graup but are included in indus-
try Group 356. Examples of genaral industrial mcochinary ora
pumps ond campressars, fans and blowers, and machanical power
transmissian equipment,

faod Praducts Machinary (S.86; C-87).—Establishments primarily
ongagad in manufacturing machinary for use by the foad prad-
vels and bevaraga manufocturing industrias in the preparotion,
canning, ar packaging of foad products and parts ond ottach-
mants, Estoblishmants primarlly angaged In manufacturing rofrig-
sratlan machinary are ciassifiad In industry 3585; househald elec.
trical appliancas such as mixers, caakars, etc., ara clossifiad in
industry 3634.

Textile Machinery {$.93; C.94).—Eslubilshmants primarily engogad
in munufacturing machinary far the taxtila industries, and extra
parts, attachmants, and accessarios, Establishments primarily en-
gaged In maonufacturing damestic ar industrial sewing machinas
are clossified in industry 3636.

Woodwarking Machinery {$-80; €.83).—Establishmants primarily en-
gaged in manufacturing machinary for sawmills, planing mills,
cabinat and furnitura makers, pottarn makars, ond venaer wark-
ars,

Establishments primarily angagad in manufacturing hand toals
such os plonas, axas, drawknives, ond hand sows are classifiad In
Industry Graup 342, and partabla pawar-driven hond taals in in.
dustry 3548,

Paper tndustrias Machinary {S-88; C-90).—Estsblishmants primarily
engagad In manufacturing mauchinery far tie paper-pulp, poper,
ond papar praduct Industrias. Establishments primorily engagad in
rebuilding pulp and pape: industrias machinary are alsa includad
in this industry. Establishments primarily angagad in monufactur.
Ing printing tradas machinary ora ciossifiad in industry 3555,

Printing Trodes Machinery ond Equipmant {5-95; C.93).—Estoblish-
ments primarily engoged in manufacturing moachinery and equip-
mant used by tha printing ond baokbinding trodes. Impartant
ptaducts of this industry includa baakbinding and phataengraving
moachinery; printars’ machinary such as prasses, typesatting, typa.
faunding, elactrolyping, ond stareotyping macilnes; engravars’
equipmant {matal platos, waad biacks, and lithagraphic stanas);
printars’ rallers, rules, sticks, blacks, and fypa cosas; and type,
laads, ond slugs, Establishmants primarily angaged in manufoc-
turing textila printing machinary ara clossified In industry 3552,

Spaciol Industry Machinory, N.E.C. (5.83; C.73).—Establishments

primarily angoged in manufocturing spaclal Industry machinery,
n.e.c., such os smaiting and rafining equipment, camant making,
clay warking, glass making, hot making, incandescent lomp mak-
Ing, laathar warking, paint making, rubbar warking, tabacca
working, cigar ond cigaratia maoking, shaa making, and stane
\iarking machinery.

GENERAL INDUSTRIAL MACHINERY AND EQUIPMENT:

Pumps, Alr ond Gas Camprassors, ond Pumping Equipmant {$-85;
C-86).—Establishmants  primarily engagad in marufacturing
Pumps, camprassars, ond pumping aquipmant for general indus.
trial usa. Establisn rents primarily engagod in manvufacturing
maasuring ond dispensing pumps for gasoline service statlan use
are ciassifiad In indushiy 3586; osd ice moking, rafrigarating,
ond air canditianing uits in industry 5343,
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3564

3565

3566

3567

3569

357
3571

3572

3578

3579

358
3581

3582
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Boll ond Roller 8earings (5.97; €-98),—Establishments primarlly en-.
goged In manufocturing bail and rolier bearings and parts. Es.
tablishments primarily engaged In manufacturing bearlngs, ex.
cept bail and raller, are ciossified In Industry 3546.

8iawers and Exhaust Ventilatian Fans (S:83; €.79).—-Establishments
primarily engaged in manufacturing blowers, ond exhoust and
ventiloting fans far general industriol, commerclol, ond household
vse. Establishments primarily e d in focturing complet
air conditloning units are classified in Industry 3585, ond free
air circuloting fans far use an desks, pedestals, ar wall brackets
In Industry 3634,

Industriol Paterns ($-96; €-80).—Estobiishmaents primarily engoged
in manufacturing industrial patterns.

Maechanical Pawer Transmissian Equipment, Except 8all and Roller
Bearings (S-84; C-79).—Establishments primarily engaged in
manutacturing mechanical pawer transmissian equipment far in.
dustricl machinery. Estabiishments primarily engaged in manufac.
turing avtomative, tank, and tractor paower transmission equip-
ment are classified in SIC industry 3714 {Census industry 3717);
aircraft power tronsmissian equipment in industry 3729; and boll
and raller bearings in industry 3562,

Industrlal Pracess Furnaces and Ovens {5.82; C.88).—Estabiishments
primarily engaged in manvfacturing industrial pracess furnaces,
avens, Induction and dieelectric heating equipment, and reloted
devices,

Generoi Industriol Machinery cnd Equipment, N.E.C, {5-83; €.70).
—Establishments primarily engoged in manvfacturing machinery,
equipment, and car-panents for general industrial use, and far
which na special classification is pravided. Machine shaos primar-
ily engaged in praducing machine and equipment parts, vsually
an o job ar arder basis, are classified in Industry 3599,

industry 3569 covers a wide range of praducts such as fiiters and
strainers far interncl cambustian engines (excep! outomohile en-
gines), hydraulic jacks, packaging and wropping machines {except
faod and tobacco), centrifugais and separatars (except cream),
g0s generating equipment, broke burnishing and washing ma-
chines, ice crusher machinery, fire hase (except rubber), fire hase
dryers and racks, autamatic sprinkler systems, general industriol
labeling machines, and magnetic separation equipment.

OFFICE, COMPUTING, AND ACCOUNTING MACHINES:

Camputing and Accounting Machines, tncluding Cash Registers {s-
93; C.94).—Establishments primorily engaged in manufacturing
computing machines including electranic, accounting mochines,
and cosh registers. Estobiishments primarily engaged in monufoc-
turing typewriters ore clossified in industry 3572, ond office du.
piicating machines ond devices ond outogrophic registers in in-
dustry 3579.

Tyoewriters (5.85; C-99).—Establishments primarily engaged In
manufacturing typewriters and parts.

Scoles ond Balances, Except Labaratary {§.92; C.97).—Establish.
ments primarily engaoged in manufacturing weighing and farce
measuring machines and devices af alj types, except those re-
garded as scientific apparatus far iobaratary and experimental
work which are clossified In industry 3811,

Office Machines, N.E.C. [S:-81; C.79).—Establishments primarily en.
gaged in manvfacturing affce machines and devices, n.e.c. Es.
tabiishments primarily engoged in manvufacturing camputing ma-
chines ond cash registers are classified in industry 3571,
typewriters in industry 3572, and phatocapy and microfilm equip.
ment In industry 3841,

SERVICE INDUSTRY MACHINES:

Avtamatic Merchandlsing Machines [S-81; C.90).—Estoblishments
primarily engoged in manufacturing outamatic merchandising
units, aisa referred ta as vending mochines [excluding music,
amusement, aor gaming machines) and cain.-aperated mechanisms
far such machines. Cain-aperated amusement and gaming ma.
chines are classified in industry 3999 and cain.aperated phane.
graphs in industry 3651,

Commercial Llaundry, Dry Cleaning, and Pressing Mochines (S.91;
C.89).—Establishments primarily engaged in manufacturing taun.
dry and dry-cleaning equipment ond pressing machines far cam-
merciol ond industriai use. Establishments primarily engaged in
manufacturing hauvsehald laundry equipment are classified in in.
dustry 3833. Althaugh the §IC ciassifies cain-aperated househald
washing machines In industry 3582, doto for these mochines ore
Included in the 1983 Censu; af Manvufactures, as in 1958, in in.
dustry 3633,

3585

3586

3589

359
359¢9

36

361
3811

3612

3613

Air Canditioning Equipment and Commerciol and Industrial Refrig-
eration Machinery and Equlpment (§ %; € 4).—Establishments pri.
marily engoged in manufocturing equipment and systems utillzing
the baslc refrigeration ¢ycie, Including mechonical and absorptian
refrigeralars far caommercle’ and industrial use; refrigeratian
machinery, and campiste air conditloning unlis far damestic,
cammerclal, ond Industriai use. Establishments primarily en-
gaged In  manufacturing sada fountain and beer.dispensing
equipment are classified In thls Industry, and those primarlly
engaged In manufacturing househoid refrigeratars and hame and
farm freezers In Industry 3632.

Measuring ond Dlspensing Pumps ({5.73; C-85).—Establishments prl.
marily engaged in monufacturing meosuring and dlispensing
pumps cammanly used in service and fiiling statians for dispen.
sing gasaline, oii, and grease, including greose guns. Establish.
ments primarlly engaged in monufacturing ~umps, campressors
ond pumping equipmen| far general uss are classified in industry
3561,

Service Industry Machines, N.E.C. {S-86; C-84).—Establishments
primorily engaged in manufacturlng mochines and equipment, not
elsewhere clhssified, far use in service industries, such os faar
sanding machWes, Industriol vacuum cleaners, scrubbing ma-
chises, commerclal caaking 1ind faod warming equipment, and
commercial dishwashing mach'nes. Estabilshments primarily en-
gaged In manufacturing hauselaid electric appliances are classi-
fied in Industry Graup 363.

MISCELLANEQUS MACHINERY, EXCEFT ELECTRICAL:

Miscellaneous Mochinery, Except Electrical (5 90; €.90).—Establish-
ments primarlly engaged in manufacturing machinery and parts
except electrical, nat elsewhere clossified, such as pistans and
pistan rings, carburetars, metalllc packing, and amusement pork
equipment. This industry also includes establishments primorily
engaged in praducing ar reoalring machine ond equipment parts,
n.e.c., an a jab ar arder basls far athers. These estabiishments
usually aperote on a jab, ar arder basis and are equipped with
machine tools ond ather power-driven metalworking machinery
capable of manufacturing o wide ronge af machine anc equip.
ment parls. Machine shaps classified in this iadustry are charac.
terizad by their methad of aperatlan rather than their praduct,
ond the fact that they may be primarlly sngaged in repair wark
daoes nat exclude them fram this ciassificatian; hawever, machine
shops engoged exclusively in repalr wark ore clossified in repair
industries.

Altt ough generally characterized by methad af operatian rather
thar type af praduct, establishments primarily engoged In manu.
foct iring the fallawing praducls ore clossified in Industry 3599:
metil bellaws, bushings mochined from purchased castings, car-
burstors, catopults, bailer-tube cleoners, valve cares, hydraulic
¢yl nders, lran fiasks, fiexibie metai hose and tubing, melailic
packing (except asbestas-melallic), pistans and piston rings, and
Intake and exhaust valves far internal cambusitlon englnes.

ELECTRICAL MACHINERY, EQUIPMENT, AND SUPPLIES
This malar graup includes establishments engaged in manufac-
turing machinery, apparatus, and supplies far the generatlan, starage,
transmissian, transfarmatian, and utiilzatian of eiectrical energy. The
manufacture of hausehald applionces Is included In this graup, but
industrial machinery ond equipment powered by buiit-in or detachoble
electric matars is ciossified in Majar Graup 35.

ELECTRIC TRANSMISSION AND DISTRIBUTION EQUIPMENT:

Electrical Meosuring Instruments ond Test Equlpment (S-84; ¢.78).
—Establishments primarily engaged in manufacturing packet,
portabie, ponetboord and grophlic recording Instruments for meos.
uring electricity, such as voltmeters, ammeters, waottmeters, watt.
haur meters, demond meters and other meters and indleating In.
struments. This industry alsa includes establishments primarlly
engaged in manufacturing anolyzers far testing the electricoi
characteristics af internal combustian engines, radlo apporatus,
etc.

Pawer, Distributian and Speciaity Transfarmers (5.92; C-94).—Es.
tablishments primarlly engaged in manufacturing pawer, distribu.
tian and speciatty transfarmers. Estabilshments primarily engaged
in manvfacturing radia frequency ar vaice frequency transformers,
caiis ar chakes are clossified In industry 3679, and reslstor weid-
ing transformers In Industry 3623,

Switchgear and Switchboord Apparotus {5-87;
C.89).,—Establishments primarily engoged in monufacturing
switchgear and switchboord apparatus. Impartant pradusts af this
industry inciude pawer switches, circult breckers, power switching
equipment, and siinilar switchgear far general Industriol applica.
tian; switchbaards and cubicies, control ond metering panels,
oawer fuse mountings, and simiiar switchboard apparatus and




supplles. Establishments pririarily engoged in manufaciuring in-
dusicial cantrals are class'"ed in industey 3622, ond those manu-
facturing current carrying wiring devl:es in indusiry 3643,

362  ELECTRICAL INDUSTRIAL APPARATUS:

kIY3! Motars and Generatars |5-81; (-84).—Estoblishmenls primarily en-
gaged in manufocturing electric mators {except slorting matars)
ond pawer generatars; motar generator sets; rallway motars and
contral equipment; and matars generatars and cantral equipment
for gasaline electric and oil elactric busses and trucks. Establish-
ments primarily engaged in nanufacturing furbogeneratars are
classified In industiy 3511 and starting matars ond bottsry charg-
ing generatars lar internal can.bustion engines in Indusiry 3694.

3622 Industeial Cant.als {5-79; C-79).—Establishments primarlly engaged
in manulacturing malor starters and cantrallers, cantral accesso.
ries, electranic controls, and ather industiral cantrals. Establishe
ments primarily engaged in manufacturing automatic temperature
cantrals a‘e classified in industry 3822,

3623 Welding Apparatus {5.93; C-89).—Establishments primarily engaged
in the manufacture ot welding apparatus and accessaries. Impor-
tant praducts af this industry include arc welding machines, spol,
prajection, seam, flush and ather resistance welders, welding
electrades, electrade holders and other welding machine accesso-
ries. Establishments primarily engaged in caating welding wire
tram purchased wire ar wire drawn In the same establishment
are alsa included. Establishments primarily engaged in monufac.
turing gos welding apparatus are classified in industry 3548.

3624 Corbon and Graphite Praducts |5-93; C.96).-~Establishments primor-
ily engaged in the manufacture af carban and grophite products
for use In the elecirical indusiries. This industry comprises estab-
lishmenis primarily engaged in manufacturing lighting carbans;
carbon, graphite, and metal-graphite brushes and brush stack;
carban ar graphite electrades far thermal and electralytic uses;
ond ather carban, graphlte, and metal-graphite praducts for use
in the electrical industries.

3629 Electrical Industrial Apparatus, N.E.C. (5:-80; C.72).—Estobllsh.
ments primarily engoged in manufacturing industrial and commer-
cigi electric apparatus and equipment, n.e.c., such os blasting
machines, and fixed and varioble capacitors, condensers and rec-
tifiers far industrial appiicatian,

Establishments primo.ily engaged in manufacturing ‘ xed and var-
loble capacitars and condensers far electronlc end products are
classified in industry 3679, and rectifiers tar eleciranic end prod.
ucts in industry 3674,

363 HOUSEHOLD APPLIANCES:

3831 Househald Coaking Equipment (5.87; C.72).—Establishments primar-
ily engaged in manufacturing hausehald caaking equipment, such
os stoves, ranges, and avens. Establishments primarily engaged in
manufacturing hausehold caoking appliancas, such as hat plotes,
grills, percolatars, and loasters are classified in indusiry 3634,
Establishments primarily engoged in manufacturing commerclol
caaking equipment are classified in Industry 3589,

3632 Househald Refrigerators and Home and Farm Freezers (5.66; C-¥9).
——Establiskmenis primarily engaged In manufacturing hausehald
refrigeratars and hame and farm freezers, Eslablishments pri-
morlly engoged in manufacturing commercial and Industrlal
refrigeration equlpment, packaged room caalers, and dehumidi-
flers are classified in industry 3585,

3623 Househaid Loundry Equlpment (5.89; C.87j.—~Establishments primar-
ily engaged in manufacturing foundry equipment such as woshing
machines, wringers, dryers, and iraners for hausehald use. Estab-
lishments primarily engaged in manufacturing commerclal faundry
equipment are classified In industry 3582,

3634 Electric Hausewares and Fans ($-87; C-81).—Establishments pri-
marily engoged in manufacturing elecirlc housewares far heat-
Ing, cooking, and ather purpases; and elecirlc fans. Impartont
praducts of this Industry include electirc alr heaters, bed caver-
ings. blenders, brailers, deep fat fryers, flal irans, faod mixers,
hot ploies, percalatars and caffee mckers, roasters, toastars, desk
and bracket fans, and hassack or floar fons,

3835 Housahold Vacuum Cleaners (5.87; C-80).—Establishments primarlly
engaged in manufacturing vacuum cleaners far hausehald use.
Establishments primarily engaged In monufacturing vacuum cleon.
ers for industrial use are clossified in industry 3589.

3836 Sewing Machines (5-90-95; C-94).—Establishments peimarily en.
goged In manutacturing sewing moachines far damestic and in-
dustsial use.

3639 Hausehold  Appliances, MN.E.C. |5-79; C.79).—Estabilshments
primarily engaged in manufacturing househald appliances, n.e.c.,

such as hot water heaters, dishwashers, and food waste dispaosal
unlits.

364 ELECTRIC LIGHTING AND WIRING EQUIPMENT:

3641 Eloctric Lamps (5-95: C-94).—Establishments primarily engaged in
manutacturing eleciiic bulbs, tubes ond relaled light saurces. im-
partant praducts of thls Industry include incandescent fllament
lamps, vapar and fluarescent iamps, phat flash ana phota-fload
lamps, electratherapeutic lamps, units far 1%, vialet and infra-
red radiation and ather electric light sources. Establishments
primarily engaged in manufacturing gluss bionks far bulbs are
classified in industry 3229; and lamp companents, such as fila-
ments, supparls, lead-in wires ond cold calhade fivarescent lamp
electrades in industry 3499.

3642 Lighting Fixtures (5-93; C.93).—Establishments primarily engaged
in manufacturing lighting fixtures and equipment of any type, In-
cluding ejectric and gas lighting fixtures; carblde, kerasene and
gasojine lamps; ond mefal reflectars and fittings. Establishments
primarlly engaged In praducina giossware far lighting fixtures aro
clossified in Majar Graup 32; alectric light bulbs, tubes and re-
lated light saurces in industry 3641.

3642 Current Carrylng Wirlng Devices (5-80; C.83).—Establishments pel-
morily engaged In manufacturing current carrylng wiring devices.
Impartanl praducts af this Industry Include atlachment plugs and
cops, canvenlence autlets, lamp sockets and receptacles, snap
swltches, canductar canneclars, overhead trolley line material,
rail bands far both propulslan and slgnal circuits, lightning
arrestars, and ather lightning protective equipment.

644 Nancurren Carrying Wiring Devices (5-77; C.80).—Estabiishments
primarlly engaged In manufacturing noncurrent corrying wiring
devices. Imporfont products of lhis Industy include canduits and
fittings, electrical Instiatars and Insulalian maleriols, excert par-
celain insulatars (Inrustry 3264) ond glass insulatars (is dustry
3229); autlet switen ond fuse boxes; and pole-line hardwzi.

365 RADIO AND TELEVISION RECEIVING SETS, EXCEPT COM-
MUNICATION TYPES:

3651 Radia and Televislon Recelving Sets, Except Cammunication Types
{5-91; C-96).—Estabiishments primarily engoged In manufacturing
equipment far home entertalnmenl. This Industry aiso includes es.
tablishments primarily engaged in manufacturing public address
systems, and muslc distribution opparatus, except records. Estab-
ilshments primarily engaged In manufacturing recards are classi-
fied in industry 3652; radla ond lelevisian receiving type tubes
in industry 3671; and tolevisian receiving type cathade ray tubes
in industry 3672.

3652 Phonograph Recards (S5-99; C-97).—Estobilshments primarily en-
paged In manufaciuring phonagroph recards and pre-recarded
magnetic topes. Establishments primarlly engaged In manufactu-
ing electranic equipment for hame entertainment, except records,
are classified in industry 34651,

366 COMMUNICATION EQUIPMENT:

3661 Telephone and Telegroph Apporolus (5-95; C-95) .Establishments
primarily engaged In monufacturing wire telphone and telegraph
equipment and parts ially designed for telepl and tele-
groph use.

3662 Radia and Televislon Transmitting, Signaling, and Delectian Equlp-
ment and Apparalus (5-88; C-91).—Eslablishments primarily en-
gaged in moanufacluring (i} rodia and television broadcasting
equlpment; (2) elertric communication equipment ond parls, ex-
cept telephane and lelegroph; (3) electronic field detection appa-
ratus, light and hest emlsslon operolion apporatus, object detec.
tion opparotus  .d navigotional electranlc equipment, and
aircrc Il and mis ile control systems; ond (4) olker electrlc and
electrpnic commuyication and signoling praducts, n.e.c. Establish.
ments primorily engaged in manufacturing Ironsmitting tubes are
classified in Industry 3673,

367  ELECTRONIC COMPONENTS AND ACCESSORIES:

3671 Radio and Television Recelving Tspe Electron Tubes. Except Cath-
ode Ray ($-89; C-95).—Estoblishmenls primarlly engaged in man-
vfacturing radla and felevisian recelving type electran tubes, ex-
cept cathode ray tubes. Estoblishments primarily engoged in
manufacturing ‘elevision receiving type cathode ray tubes are
classified in industry 3672; transmilting tubes In industry 3673;
X-ray tubes In Industry 3693; ond eleciranic equipment far home
entertalnment, except tubes, in industy 3651,

3672 Cathade Pay Plcture Tubes (5.85-90; C.90).—Establlshments primar-
Ily enyaged in manufacturing televislon receiving type cathode
ray tubes. Estoblishments primarily engoged in manufacturing
other rao: ' and televislan recelving type electron tubes are clas.
sified in inoustry 3671; ond transmilting tubes in industry 3473,

C-21

e b R e e

ape )




o

FEEN

3673 Transmilting, industrloi and Speclai Purpose Eiactron Tubes (S5-80;
C-75). —Estobiishments primarily engaged in manvfacturing trons-
mitting, industriol, and special purpase elactron tubes. Estoblish-
ments primoriiy engaged In manufacturing radie and television
transmitting aquipment are ciassified in industry 3662, rodio ond
televisian recelving tubes in industry 3671; teievision receiving
type cathade ray tubes in industry 3672; and X-ray tubes In In.
dustry 34693,

3674 Semiconductor {Soiid State) ond Reioted Devices (5-88; C-92).—Es-
tabiishments primarily engoged in manufacturing semlcanductor
(solid state) and reioted devices, such as semicanductar diodes
ond stocks, including rectifiers; transistors, salor cells; ond light
sensitive semiconductor {sotid state) devlces.

This industry was not included in the Standord Industriol Clossifi.
catlon in 1958, In the iattar year it was part of industry 3679.

3679 Electronic Components and Accessories, N.E.C. (5:-89; C-78).—Es.
tabilshments primariiy engaged in manvufocturing speclaity resis.
fors for electranic end praducts, Inductars; eletranic transformers
and  capocitors; and other eiectronlc components, n.e.c.
Estobliskmaents primorily engaged In manufacturing resisfors, in-
ductors, and transformers far teiephane and telegroph apparatus
ore ciassified in Industry 3661; electric iamps in industry 364);
and samlconductar (soiid state) and related devices In industry
3674.

This industry in 1963 differs from the ciassification in 1958, in.

dustry 3674, o separale Industry in 1963, was formeriy port of
3679,

369  MISCELLANEOUS ELECTRICAL MACHINERY EQUIPMENT AND
SUPPLIES:

3691 Storoge attaries {$-98, C-99).~—Establishments primorily engoged
in the munufacture of sforage batteries far outomabiies, trucks,
farm ftractars and busses as weii as staroge botteries far form
uses, communications systems and railrood equipment. Parts far
staroge batteries ore aisa included In this Industry.

3692 Primory Botterias, Dry ond Wet (5-96; C-91).—Estabiishments pri-
marily engoged in the manufacture aof dry and wet celi primory
botteries for fioshilghts, rallroad ionterns heoring alds, portable
radios, farm radios, and ganeroi purposes os weli os parts and
supplies for primory botterles.

3693 Rodlogrophic X-ray, Fivaroscopic X.ray and Other X-ray Apparojus
and Tubes (S-83; 7-80).~—Esiabiishments primarily engoged in
monufocturing radiogreohlc X-roy, fluorascaple X-roy, ond thera-
peutlc X-roy opporotus and tubes for medicai, Industr.on, research
ond controi appiicolions. Establishments primarily engaged in
monutfacturing radle recelving type fubes are clossified in industry
1671, television recelving cathode ray fubes in industry 3672;
transmitting tubes in Industry 3673; and electratheropeutic iamp
units for ultro-violet and infro-red radiatlon In industry 3641,

3694 Electricai Equipment for Interngi Combustion Engines (5.93; Cc-81).
~—Estoblishments primorily engoged in manvfacturing elad'rlcai
equipmant for Internoi combuslian engines. imporlant praduen of
this industry Incivde starting motors and generators for aute na-
biles and oircroft; and Ignition apparatus for internal combus-
tlon anglnes, Incivding spark pivgs, magneftas, coils, and dis.
tributors.

699 Electrlcai Mochlnary, Equlpment, and Supplies N.E.C. {S-90, C.
49 24).——Estobilshments primarlly engaged in manufacturing eiec.
trical machinery, aquipment and wppilos_ ne.c.

37 TRANSPORTATION EQUIPMENT
This  mojor group incivdes  estabiishments engaged in
manufodurlng equipment transpartatian of passengers and corgo

by lond, air, ond woler. npartant products producad by estabilsh-
ments ciossified in this molor graup inciude malor vehicies, aircraft,
shlps, boots, roilroad equipment, and miscelionecus transpartotian
equlpment such os motorcycies, bicycles, and horsa drown vehlcles,

371 MOTOR VEHICLES AND MOTOR VEHICLE EQUIPMENT:

3713 Truck and Bus Bodies (5-88; C-86).—Estabiishments primarily en.
Aoged in the monufocture of truck and bus bodles, for sala sep-
arately or for ossembiy an purchased chassis. Estobiishments pri.
mariiy engaged In manufacturing compiete trucks and busees are
classified in industry 3717, and stampad body parts for frucks
ond busses In industry 3461,

715 Truck Traliers ({S-92; C-93).~—Estobllshments primorily engagad in
the manufocture of truck trailers and truck trailar chassis for saie
separately, but Aot engoged in manufacturing camplete trucks
ond busses. Estoblishments primorlly angoged in manutacturing
trailer bodies ora ciossified in industry 3713. Thase primarliy en-
naged In manufacturing passengar car traiiers ara ciassified in In-
dustry 3799; ond those primariiy engoged in manufacturing
froiier coaches are clossified in Industry 3791,
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Motor Vehicles and Parts (5.97; C.98)'.—Establishments primarily
engaged In manufacturing or biy of complete p ger au-
tamobiies, car bodles, frucks, commercioi cors and busses {except
trackless Iralieys industry 3742), speciol purpase motor vehicias
such a3 ambuiances, fire englnes, toxicabs, scout cars, persannel
carriers, amphiblan motor vehicies, and seiacted ports and acces-
sorles for motor vehlcles. Estabilshments primorily engaged in
manufacluring motar vehicies on purchosed chossis {ombuiances,
fire enginas, eic.) are ciassified in industry 3713,

in the 1963 Census of Monufocturers, os in 1958, the
three SiC industries (3711, 3712, and 1714) have baen combined
becouse of o major problem of defining the reporting unit in
terms of these Industries. This difficulty arlses from the facl that
mony iorge estoblishments hove intagroted operotions which in-
ciude the productian of ports ar bodies and the assembiy af
compiete vehicles at the some locotion.

inciuded in indusiry 3717 ore such porls as passenger-cor badies,
mator vehlcle engines {except diesei), brakes, ciutches, axies, ra-
diators, differentiais, tronsmissions, wheals ond fromes, wind.
shield wipers, automotive bumpers, camshafls, connecting rods,
crankshaft ossembiies, cylinder he.ds, drive shofts, exhoust sys-
tems, fuel systems, heaters, hoods, horns, instrument board os-
sumbiies, lubrication systems, mufflers, power-transmission equlp.
ment, reor-axle housings, shock absarbers, steering mechanisms,
universoi jolnts, wheei rims, windshiaid frames, and outamobile
accessories, n.e.c.

A considerable number of components, parts, wnd accessarles for
motor vehlcles ore not classified in industry 37°'7 but are clossi-
flad In other Standard indusirlai Ciassificatlan industrlos bosed an
the charocteristic of 1he product itsalf rather than the use to
which it is put. Amang the more Important of these are automo-
five hordw re, industry  3429; autamotive stamplngs, Industry
3461; die‘sl ond somidlesel englnes, industry 3519; sealed beom
and othe' ejecirlc lamps, industry 3641; motar vehicle lighting
fixtures, Industry 3642; tlira and inner tubes, industry 3011; auto-
mobile jiass, industry 3211, ignition equipment such as spark
piugs, Jlstrlbutors, switches, Ignlition coils, generotors, cronking
mators  etc., industry 3694, storage butteries, industry 3691; au-
tamab 'e rodias, industry 3651; and carburetars and pislons, in.
dustry 3599,

AIRCRAFT AND PARTS:

Aircroft (S-69; C-96).—Establishments primorlly angagod in monu.
facturing ar assembiing complate aircraft, This industry Incivdes
estoblishments primarily engaged in foctory type olrcraft modifi-
colion on a contract or fee basls. Estoblishments primarily en-
goged in monufacturing englnes, prapeilers, and other aircraft
parts and auxiiiary equipment are ciossified in Industries 3722,
3723, and 3729,

Alrcraft Englnes, and Engina Parts ($-87; C-93).—Estabiishmants
primarily engaged in manvufocturing aircroft angines, compiste
missile ar space vehlcie ongines and/or propuislon unlis ond
thalr parts,

Aircraft Prapeiiers and Propeller Farts (S-48; C.81).—Estoblishmenls
primarliy er jaged in manufocivring alrcroft prapellers and pro-
pelier ports.

Alreaft Ports and Auxiliary Equipment, N.E.C. (S-75; C.59).—Es-
tabiishments primariiy engoged in monufocturing oircrafy parls
and avuxiiiary equipment, n.a.c. Establishments primarlly engaged
in manufocturing ar assembling compiete aircroft ore clossified in
industry 3721, alrcraft anglnes and parts in industry 3722, pro.
peliers and propeiiar parts in Industry 3723, aeranavticai instru-
ments In tndustry 3811, and oeronauticol eiactricoi aquipment In
industry 3694.

SHIP AND BOAT BUILDING AND REPAIRING:

Ship Buliding and Repalring {5.92; C.99).—~—Estoblishments primarily
ongngad in building and tepairing ali types of ships, bargas,
canal baoats and iighlers, whethor propalled by soii or motar
Power or towed by athar craft. This industry alsa inciuded the
convarsion and raconversion of shlps. Establishments primarily en.
gaged tn fabricating structural assembiies or companents for shlps
or subcontraciors engaged In ship palnting, folnery, carpentry
wark, eiectricai wiring Installotions atc., are not ciassified in
this industry,

8aa* Buliding and Repoiring ($-97; C.95).—Establishmants primariiy
engoge in buliding and repa”ing of baots, except rubber boots
{Industry 3069). Estobiishments primorily engaged in cleoning
and staring baats and the rentai of dock spaca, and yacht ciubs
ore ciassified In nanmanufacturing industries.

RAILROAD EQUIPMENT:

Locomotives and Parts (5:83; C-90',—Estoblishments primariiy en.
gaged In buiiding and rabuiiding locamatives {including frames
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ond parts, n.e.c.) of ony type ar gauge. Rallraad shaps rebulid-
ing ond repairing locomatives, ar bullding new lacomatives, are
clossified in Malar Group 40,

3742 Roilraod ond Street Cars {$5-91; C.93).—Establishments primarily
engoged in building and rabuilding railraad, street, and rapid
tronsit cars and car equipment far aperatian an rails far freight
ond possenger service. This industry alsa Includes establishments
primarily engaged in manufacturing trackless trolley busses, Es-
tablishments primarily engaged in manufacturlng mining cors are
classified in industry 3532. Repalr shaps awned and aperated by
railraad ar iacal transit campanies, rebu’ ding ar repairing cars,
or building new cors for their awn occat it, ore clossified in Mo-
lor Groups 40 ond 41,

375 MOTORCYCLES, BICYCLES, AND PARTS:

V43! Motorcycles, Bicycles, ond Parts (5.83; C.93).—Estoblishments pri.
morily engaged in moanufacturing matarcycles, bicyeles, and simi.
lor equipment und parts. Establishments primarily engoged in
assembling matarcycles ar bicycies fram purchased ports ore alsa
included In this industry. Establishments primarily engaged In
manufacturing children‘s vehicles, except bicyles, are classifled
in industry 3943.

379  MISCELLANEOUS TRANSPORTATION EQUIPMENT:

kyLA| Trailer Coaches (5-98; C.99).—Establishments primarily engoged In
monufacturing trailer coaches (mobile dwellings) for attochment
ta passenger cars and pickup caoches (campers) far maunting an
pick-up trucks.

3799 Tronsportation Equipment, N.E.C. {5.89; C.75),—Establishments pri-
marily engoged in manufacturing transpartatian equipment, n.e.c.
Establishments primarily engaged In manufacturing industriai
trucks, tractars, trailers, ond stockers are c'ossified in industry
3537, ond children's vehiclas, except bicycles, in industry 3943,

38 PROFESSIONAL SCIENTIFIC, AND CONTROL. NG
INSTRUMENTS; FH DTOGRAPHIC AND OPTICAL GOODS;
WATCHES AND CLOCKS

This major gravup ‘ncludes establishments engoged In manufuc-
turing mechanical measuring, engineering, laobaratary, and scientific
research instruments; aptical Instruments and lenses; surgical, medical,
ond dental instruments, equipment, and supplies; aphthalmic gaads;
phatographic equipment and supplies; and watches and clacks. Estab.
lishments primorily engaged in manufocturing instruments far indical-
ing, nieasuring, and recording electrical quantities ond charocteristics
ore clossified In industry 3611,

381 ENGINEERING, LABORATORY, AND SCIENTIFIC AND RE-
SEARCH INSTUMENTS AND ASSOCIATED EQUIPMENT:

kETR Engineering, lobaratary, and Scientific and Research Instruments
ond Assaciated Equipment. {5.84; C.56).—Establishments pri-
morily engoged in manufacturing laborotory, scientific, ond en-
gineering instruments such os noutical, novigational, aceronauti-
col, surveying, drafting, and instruments for lobaratary work ond
scientific reseorch (except optical instruments, industry 3831). Es.
tablishments primarily engoged in monufacturing surgical aond
medical instruments are classified in indust y 3841; dental instru-
ments and equipment in industry 3843; mechanicai measuring
ond controiling instruments in industry 3821; mochinists’ precision
measuring tools in industry 3545; instruments for indicating,
measuring, and recarding electrical quantities aond characteristics
in industry 3611; wotches and clocks in industry 3871; measuring
and dispensing pumps in industry 3586.

382  INSTRUMENTS FOR MEASURING, CONTROLLING, AND IN-
DICATING PHYSICAL CHARACTERISTICS:

.21 Mechanicol Meosuring and Cantralling Instruments, Except Autamal.
ic Temperoture Controls ($.90; C.83).—Estol'ishments primorily
engaged in manufacturing industrial process insiruments for indi.
cating, recarding, meosuring ond cantralling temperature (except
automatic temperature contrals, industry 3822), pressure and vac-
vum, fluid flow ond liquid ievel, mechanicol mation, rototion,
humidity, density, acidity, alkolinity and combustion; dial pres-
sure gauges; physical praperty testing opparatus such as hard-
ness, tensian, campression, tarsian, ductility, elosticity testing ap-
paratus,

3822 Autamotic Temperature Contrals (5:82; C.95).—Estoblishments
primorily engoged in manufacturing automatic temperature con-
trols octivated by pressure, temperature, level, flow, time, or
humidity (inctuding pneumatic cantrals) of the type principally
used os campanents af hausehald apparatus. Establishments prl-
morily engaged in manufacturing industrial electric controls re
classified In industry 13622,

383  OPTICAL INSTRUMENTS AND LENSES:
38 Optical Instruments ond lenses ($.90; C.41).—Estoblishmenis prl.
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marlly engoged in the praductian aof apticol lenses and prisms,
ond in monufacturing aptical instruments such as micrascapes,
telescapes, fleid and apera glasses; aond aptlcai measuring and
testing instruments such as refractometers, specirameters, spectro-
scapes, coiarimeters, palariscapes. Eslablishments primorliy en-
goged in manufacturing eyeptass lenses, frames, ar fittlings ore
clossifled in industry 3851; ond thase engoged In monufacturing
sighting and fire contral instruments, but not engoged in monu-
tacturing aptical campanents, in Industry 1941,

384 SURGICAL, MEDICAL, AND DENTAL INSTRUMENTS AND
SUPPLIES:

3841 Surgicai and Medical instruments and Apporatus {5-88; C.74).—E.-
tablishments primarily engaged in manufocturing medical, surgi-
cai, aphthalmic, and velerinary instruments ond oppaoratus.
Establishments primarily engaged In manufacturing surgical and
arthapedic opplionces ore ciossifled in industry 3842; und elec-
tratherapeutic, electramedical, and X.ray apparalus in indusiry
3693.

3842 Orthapedic, Prasthetic and Surgical Appllances and S5upplles (S-80;
C.90).—Establishments primarlly engaged In manufacturing ar-
thapedic, prosthetic, and surgical applionces and supplies, arch
supparts, and ather foat opplionces; frocture applionces, elastic
hasiery, abdominal supparters, braces, and trusses; bondoges;
surgical gouze ond dressings; sutures; odhesive topes and medi-
cated plasters; ond persanal sofety appliances and equipment. Es.
tablishments primarily engaged in manufacturing surgical ond
medicai instruments are classified in industry 3841. Establish-
ments primariiy engaged in monufacturing appliances and In
the persanal fitting ta the individual prescriptian aof a physi-
cian are clossifled in trade industries.

3843 Dental Equipment and Supplies ($-94; C.92).—Establishments prl-
marilv engoged in manufocturing arlificioi teeth, dental metals,
alloys and amalgams, and o wide variety of equipment, Instru.
ments aond supplies used by dentists, dentol loboratories, ond
dentol calleges. Dentat labarntaries caonstructing artificial den-
tures, bridges, inlays ond ather dental restaratians an specifica-
tians fram dentists are clossifled in service indusiries.

385 OPHTHALMIC GOODS:

3851 Ophthalmic Gaads (5-86; C.92).—Establishments primarily engaged
in manufacturing ophthalmic fromes, lenses, and sunglass lenses.
Estabiishments primarliy engoged In manufocturing slit lamps are
classified in Industry 3841, ond molded gloss blanks in Industry
3229. Establishments primarlly engoged in grinding lenses ond ft-
tir 3 glasses fa prescription are classified in trode Industries.

386 PHOTOGRAPHIC EQUIPMENT AND SUPPLIES:
3861 Phaotagraphic Equipment and Supplies (5-95; C.97).—Establishments

primarily engaged in monufacturing (1) photagraphic apparatus,’

equipment, parts, attachments, and accessaries, such as still and
mation picture comeras ond pralection opporatus; photocapy and
micrafilm equipment; blueprinting ond diozatype (white printing)
apparotus and equipinent; and ather phatagrophic equipment;
and (2) sensitized film, paper, clath, and piates, and prepared
phatagraphic chemicais far use therewlth, Estabiishments primari.
iy engaged in manufacturing photagrophic poper stack {unsensi-
tized); and paper mats, mounts, eosels and falders far phata-
grophic use are clossified In Mojor Group 26; photographic ienses
in" industry 3831; phatagraphic glass in Maiar Group 32;
chemicols far technical purpases, not specificaily prepared and
packaged faor use in phatagraphy, In Maiar Graup 28; ond pha-
tagraphic flash, flaad, enlarger and prajectian lamps in industry
3641,

787  WATCHES, CLOCKS, CLOCKWORK OPERATED DEVICES,
AND PARTS:

3871 Watches, Clacks, and Parts Except Waichcases (5-82; C.95).—Es.
toblishmants primarily engoged in manufacturing clacks {incivding
electric), watches, mechanisms for clockwark operated devices,
and clock and wotch ports. This industry includes establishments
primarily engoged in ossembling clocks ond watches from pur-
chased mavements and cases. Establishments primariiy engoged in
manufacturing watchcases are ciassified in industry 3872, glass
crystals in industry 3231, and unbreakabie crystais in industry
3079.

3872 Watcheases (5-86; C.97. —Estoblishments primarily engoged in the
manufacture of walchcases, for sale as such. Establishments pri-
marily engoged in assembiing camplete watches by assembling
purchosed mavements with watchcases af their awn manufacture
are ciossified In industry 3871,

39 MISCELLANEQUS MANUFACTURING INDUSTRIES

This majar graup includes establishments primarily engaged in
monufacturing products nat ussifled in any other manufacturing mo-

C-23




L T e I et A P

lor group. Industrles In this group fall Into fhe following cotegarles:
lowelry, sliverware and piafed wore; musicol instruments; tays, spart-
Ing and athletlc goods; pons, penclls, and ather ofMice and artists’
materials; buttots, castume novellies, miscellaneaus notlans; braoms
and brushes; marticlans’ gaads, and ather mlscellansavs monufactur.
Ing Industrles,

391 JEWELRY, SILYERWARE, AND PLATED WARE:

kAR Jawelry {Praciaus Metol) (5-92; C-97),—Establizhments primarlly en.
gaged In manufacturing [ewelry and other articles, warn an ar
carrled obaut the persan, made af preciaus metals with ar wlith.
aut stones (Including the setting of stanes whers stanes are
used), Including cigarette cases and lighters, vanity cases and
compaocts; trlmmings far umbrelios ond canes; and |ewel settings
and mauntings. Establishments primarily enpoqed In manufoctur-
Ing costume ewelry fram nonprecious mate . and other malerlols
are clossified In Industry 3941,

3912 Jevelars’ Findings and Moterials (5:92; C.89).—Estobilthments prl.
morlly engoged In monufocturing unassembled fewelry parts, ond
stack shap peaducts such as shest, wire and tubing. Establish.
ments primarliy engoged In lopidary work are clossified In
Industey 3913,

3913 Lapidory Wark (5-93; C.81),—Establishments of lapldaries primarlly
engaged in cutting, slobbing, tumbling, carving, engraving, pal-
ishing, or foceting stones from natural or mon-mode preclavs or
seml-preclovs gem row moterlals, either far saie ar on o contract
bosis for the trode; In recutting, repallshing, and setting gem
stanes; ar In cutting, drilling, ond otherwlse preparing ewels far
Instruments, dies, wotches, chronometers, and other Industriol
uses. This industry Includes the dellling, sowing, ond pesling of
reol ar cultured peoris, but daes nat Include the manufocture cf
ortificiol pear's (Industry 3961).

3914 Silverware, Plated Ware, ond Stoinless Stesl Wore (5-95; C.98).—

Estoblishments primorlly engaged in manufocturing fatware (in
cluding knlves, forks, and spoons), hallow ware, tollet wore, @ -
clesiostical wore, and reloted praducts made af sterling silver; of
metol plated with sliver, gald, or ather metal, of nickel sliver;
of pewter; or of sioinless steel,
'Flotware’' Is defined far purposes of the census os all knlves,
forks, spoons, etc., mode wholiy of metal, Including stalniess
steel knives, farks, and spaons, ond corving sels with metol hon-
dles, Knives, farks, spoons, etc., with hondies af moterlals other
thon melol are included in industry 3421,

393 MUSICAL INSTRUMENTS:

3931 Muslcal Instiuments (5.97; C.62).. Establishments primorily engaged
in monufocturing plonos, with or withaut ployer attochments; or-
gars; other musicol instruments; and parts ond moterlals for mu-
slcol instruments.

394 TOYS, AMUSEMENT, SPORTING AND ATHLETIC GOODS:

3941 Gomes and Tays, Except Dolis and Children’s Vehicles (5-92; C.
91).—Establishments primorlly engaged In manufacturing Indoor
gomes ond gome sets for odulls and children, ond mechonicoi
ond nanmechanical toys. Impartont praducts of this industry In.
clude gomes such as chess, checkers, dominoes, puzzles, and
other indaor gomes; and toys, such os toy furniture, doll carrl-
oges ond tarts, construction se!s, maechanicol trains, toy guns
ond air rifies, ond ather mechonicol gomes and toys. Estoblish-
ments primorily engoged in monufocturing dalls ore clossified in
industry 3942; chlildren’s outdoar wheel gaods ond vehicles, ex-
cept bicycles, In industry 3943: ond sporting ond athletlc goods
for children and adults in industry 3949,

3942 Dolls {5-80-85; C-87).—Estoblishments primarily engoged In manu-
focturing dolls, doil ports, and dall clothing., Estoblishments
primariiy engoged in manufocluring stuffed tay onimals are alsa
Included In this industry.

3943 Chlldren’s Vehicles, Except Bicycles (§-71: C-65).—Establishments
primarlly engoged in monufocturing baby carriages, strollers, and
gocorls; children’s velocipedes and tricycles, cooster wagons, play
cors, sleds ond ather children’s ouldoar wheel goods and vehlc-
cles, except bicycles {industey 3751),

3949 Sporting ond Athletlc Goods, N.E.C. (5.93; C-91).—Estoblishments
primorily engoged in manufacturing sporting and athletic goads,
n.e.c., such os fishing tackle; golf and tennis gaads; boseball,
faotboll, bosketboll, and boxing equipment; roller skotes and Ice
skotes, gymnosium ond ployground equipment; bliliard and paal
tobles; and bowling olleys and equipment. Estabilshments primar.
liy engaoged In monufacturing athletic apparel ore classified in
Malor Group 23, small arms ammunition in Industry 1961 and
firearms In Industry 1951,
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PENS, PENCILS, AND OTHER OFFICE AND ARTISTS'
MATERIALS:

Pens, Pen Polnts, Fauntain Pens, Ball Palnt Pens, Mechonico! Penclls
and Parts {5.90; C-93).—Establishments primerily engaged In
manvfocturing pens, pen pelnts, faunfain pens, boll polint pens,
reflll carfridges, and parfs far pens and mechanicol penclly,

Lead Penclls, Crayons, and Artists' Materlals (5-87; C-90).—Esfab-
lishmants primarily angaged In manufocturing lead penclls, pencli
ieads, and crayans; materlals and equipment far art wark such os
alrbrushes, drawing tables and baards, polettas, sketch boxes,
pontagraphs, artlsts’ calars and waxes, pyragraphy gaods, draw-
Ing Inks, and drafting materlals. Establishments primorily en.
9oged In manufacturing mechanical penclls are classified in In-
dustry 3951, ond drofting instruments In industry 3811,

Marking Devlces (5-84; C-90).—Establishments primarlly engaged In
manufacturing rubber and metal hand stamps, dles, and seals;
steel letters and figures; and stenclls for use In polntinr or mark-
Ing.

Corbon Paper ond Inked Rlbbons (5.95; C-83),—Establishments prl.
marlly engaged In manufacturing corbon paper far business ma.
chines, soies kaaks, etc.; splrlt ar gelatin process and ather
stencli paper; ond Inked ribbons far business mochines.

COSTUME JEWELRY, COSTUML NOVELTIES, BUTTONS, AND
MISCELLANEOUS NOTIONS, EX(EPT PRECIOUS METAL:

Costume Jewelry and Castume Ncveltles, Except Precious Metal (S-
95; C-95).~Estobilshmants primarily engaged In manufacturing
casture fewelry, castums navelties, and arnaments made of all
materlals, except precious metal, preclaus ar semipreclous slanes,
ond rolied gald plate ond gald filled materlols {industry 3911).

Feathers, Plumes, and Artificlal Flawers (S.97; C-87).—Establish-
ments primarliy engaged In manufacturing artificlol flawers,
frults, and follage made fram all materlais except glass (Industry
3231); In producing fancy feothers, plumes, o-d orlicles made
principolly of feothers and plumes; and curiin dyelng, and ren-
ovating ostrich feathers for the trade.

Buhtans (5-96; C.87).~Estabilshments primarlly engoged In manu-
facturing buttans, button parls, and buttan bionks ond malds, of
oli materlols except precious metal and preclavs or semipreclavs
stones {Industry 3911).

Needles, Plns, Hoaks and Eyes, and Similar Natlans (5-91; C-92).
—Establishments primarlly engoged In monufacturing natians,
such os raochine and hand needles, pins, hoaks and eyes, eye-
iets, buckies, and slide and snap fosteners.

MISCELLANEOUS MANUFACTURING INDUSTRIES:

8raams ond Brushes ($-89; C.93).—Es's ushments primarliy en-
goged In monufacturing housshold, Industrial, and street sweep-
Ing brooms; and brushes such as palnt brushes, taothbrushes,
tailet brushes, and hausehald and Industriai brushes. This Indus.
try under the previous classification system was Industey 3981,

Slgns and A ivertising Displays (5-96; C-95).—Establishments prl.
morlly engoged in monufacturing electrical, mechonical cvtaul, or
plate signs ond adverlising dispiays, Incivding nean slgns and
odvertlsing novelties. Sign painting shops dolng business on a
custam bosls are classified In service industrles. Establishments
primorily engoged In manufacturing elecirical signal equlpme.ii
are classified In industry 3662, and lighting fixtures In Industry
3642,

Marticians’ Goads (5-95; C-98).—Establishments primarlly engoged
In “ufacturing caskels, coffins, burial cases, and caffin shlp.
ping s, whether af wood or ather materiat, except cancrete
(industry 3272); morticians’ supplles and accessorles, such os bur.
ial garments, glaves, slippers, casket linlngs, and embalming
fiulds; and marticlons’ paraphernallo and equipment. This indus.
try under the previaus clossification system wat industry 3988,

Linoleum, Asphalted-Felt-Base, and Other Hard Surfoce Flaor Caver-
ings, N.E.C, (5.82; C198).—Estobtishments primarily engoged in
monufacturing llnaleum, asphalted-felt-base, and other hard sur-
foce fioar coverings, n.e.c. Estabiishments primarlly engoged In
manvfactueing rubber foor coverings ore classified in Industry
3069, and cork floor and wall tile In Industry 2499, Also exclud-
od ore establishments primarlly engaged in manufacturing unsup.
ported plastic fioor coverings {Industry 3079}, and ospholt tile
ond vinyl asbestos fioor tiie {Industry 3292). This industry un.
der the previous clossification system wos Industry 3982,

Monufacturing Industrles, Nal Elsewhere Ciassified (S-N.A; C
N.A.),—Establishments primarlly engaged In manufacturing mls-
celloneous fobricoted products, including beouty shop ond barber




shap equipment; hair wark; tobacca pipes ond cigarette holders;
cain-operated omusement mochines; matches; condles; lamp
shudes; dressed ond dyed furs; umbrellos; porasals ond cones;
ond other orticles, nnt elsewhere classified.

“he code number for this industry ir the Stadard Industriol Cios.
sification Manual is wnchanged, but the content of the Industry
has been chonged from the previous classification system. The
campasition of the industry os naw canstituled is due principolly
ta the inclusion of moatches (3983); condles {3984); lomp shades
(3987); furs, dressed ond dyed {3992); and umbrellos, porasols,
and canes {3795) in industry 3999,

19 ORDNANCE AND /CCESSORIES

This major gioup includes establishments engaged in manufac-
turing ortillery, small arms, i d reloted equipment; ommunition; com-
plete guided missiles; tanks ond specialized tank parts; sighting ond
fire contral equipment, and miscelloneous ardnonce and accessaries,
n.e.c.

191 GUNS, HOWITZERS, MORTARS, AND RELATED EQUIPMENT
OVER 30 MM (OR OVER 1.18 INCHES):

1911 Guns, Howilzers, Martars, ond Reloled Equipment {S-N.A.; C-N.A.}.
—Establishments primarily engoged in manufacturing novol, air-
craft, ontioiicroft, tonk, coost ond field ortillery having o bore
aver 30 mm (or over 1.18 inch) ond components. Estoblishments
primarily engoged in monufacturing smo!! arms and ports 30 mm
for 1.18 inch) and below are classified in industey 1951,

192 AMMUNITION, EXCEPT FOR SMALL ARMS:

1725 Guided Missiles ond Space Vehicles, Completely Assembled (5-94;
C-69).—Establishments primarily engoged in monufacturing com-
plete guided missiles ond space vehicles ond in daing reseaich
ond development on complefe guided missiles and space vehicles.
Estabtishments engoged in manufocturing guided missile compa-
nents ond in doing ieseorch ond development on guided missile
components ore classified in industry 3729,

1929 Ammunition, Except for Smoll Aims, N.E.C. (5.70; C.B2),—Estab-
lishn ents primorily engaged in manufocturing ommunition, n.e.c.
or in touding ond ossembling ommunition over 30 mm {or aver
1.18 inch) far novel, oircraft, ontiaircroft, tank, coost, and field
ortillery; including component porfs. This Industry also includes
estoblishments primorily engaged in monufocturing bombs, mines,
torpedoes, grenudes, depth charges, chemical warfore projectiles,

193
193

194
1941

195
1951

196
1961

199
1999

ond their component poris. Estoblishments primorily engoged In
manufocturing small orms ommunition ore clossified In industry
1961; explosives in industry 2892 ond milltory pyrotechnics are
closslfied In Industry 2899,

TANKS AND TANX COMPONENTS:

Tanks ond Tank Components (5-95; C-79}.—Estoblishments primorlly
engoged in monufacturing or ossembling complete tonks, and
speciolized components for tanks. Estoblishments primorily en-
goged In monufacturing military vehicles other thon tonks ore
classified in Industry Group 371 ond fonk engines in Industry
3519,

SIGHTING AND FIRE CONTROL EQUIPMENT:

Sighting ond Fire Contral Equipment (5.57; C-B0).—Estoblishments
primorily engaged in monufocturing sighting ond fire cantrol
equipment, but which ore not engaged in manufocturing opticol
lenses and prisms. Important products of this Industry Include
bomb sights, percentage carrectors, wind correctars, directors ond
sound locotars, Estoblishments engoged in manufacturing opticol
lenses ond prisms ond also monufacturing sighting ond fire con-
tral equipment are clossified In industry 3831,

SMALL ARMS:

Smoll Arms (5.95; C-B82).—Establishments primorily engaged In
manufocturing smoll fireorms having o bare 30 mm for .18
inch) ond below, and ports for small firearms, Estoblishments prl-
marily engaged In manufacturing artillery ond mortors hoving o
bore over 30 mm (or 1.18 inch}, ond components porls ore
tlasslfied in Industey 1911,

SMALL ARMS AMMUNITION:

Small Arms Ammunition (5-85.90; C.92).—Estoblishments primorily
engaged in monufacturing ommunition for smoll orms having a
bare of 30 mm (aor 1.18 inch) ond below. Estoblishments prl-
morily engoged in monufocturing ammunition except for smoll
arms oie clossified in Industry Group 192; blastlng ond detonot-
ing cops, and sofety fuses In Industry 2892; and firewarks In in-
dustry 2899,

ORDNANCE AND ACCESSORIES, N.E.C.:

QOrdnonce ond Accessories, N.E.C. {5-78; C-6917),—This industry
camprises establishments primarily engoged in monufocturing ord-
nonce ond occessories, n.e.c.




APPENDIX D:

ECONOMIC DATA RELATING TO DOD PROCUREMENT
AND THE U.S. ECONOMY




Table D-1

THE CHANGING COMPOSITION OF FEDERAL EXPENDITURES
FISCAL YFARS 1963, 1970 AND 1973

% Billion Percentage of Total
; 1963 1970 1973 1963 1970 1973

Defense, space, foreign

affairs 58.9 87.7 88.0 53 44 34

Older income maintenance

¢ programs 28.4  49.8 74.9 25 25 29

: Major "Great Society"

programs In7as 212 283587 2 11 14

g Commerce, transportation,

natural resources 7R G615 7 6 6

President Nixon's new

initiatives 550 Sors 6.4 o4 o 2

Interest (net) : 7.7 14.4 15.5 7 7 6

: Other programs 7.2 13.6  19.3 2al] 4187 8
Total 111.5 198.3 256.3 100 100 100

Expenditures as a percentage of full employment gross national product

L;“‘ Tofql ]8.4 20.3 20.5 L N ] L ® e
Total, less defense, space

] foreign affairs 857~ i3 12.4 e SO0
Source:

The _Budget of the United States Government, for fiscal years 1973, 1972,
and 1965, see C. L. Schutze, et al., Setting National Priorities, The
1973 budget, Washington, D.C.: The Brookings Institution, 1972.
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Table D=4

RELATIVE DOD PROCUREMENT TRENDS
(current dollars)

Tables D-2 and D-5.

Change in
DOD Percentage
Procurement 1963 1968 1972 Points 1963-72
As % of the GNP 2.9 2.8 1.7 - 1.2
As % of the Federal budget 14,9 13.0 79 ~-7.0
As % of the DOD budget 33.4 29.7 24.5 ~ 8.9
Source:

e
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Table D-7

CURRENT AND 1958 REAL DOLLAR EXPENDITURES
IN VARIOUS CATEGORIES
($ Billion)

Item 1963 1968 1972 i
GNP 590.5 865.0 1089.5 4
Government
| S Spending 111.3 178.8 236.6
Dollar DCD Budget 49.5 78.0 75.8
Procurement 16.6 23.3 17.9
GNP 551.1 707.3 769.4
1958 Covernment
Dollar Spending 103.1 141.3 150.9
DOD Budget 45.8 61.7 48.3
Procurement 15.4 18.4 11.4
Source:
(1) The Budget of the U.S. Government Fiscal Year 1973 L
(2) Economic Report of the President, 1972 "{
1 D-8




3 Table D-8
ITEMIZED DOD DIRECT PROCUREMENT FY1971-1973
(in billions of dollars) '
Procurement
_ Item 1971 1972 1973
1. Abreraft 3,483 3.517 3.487
r 2. Modification of
: aircraft .834 1.035 .886
3. Spares & repairs .959 .890 .981
4.  Support Equip. &
facilities 1.056 1.012 .495
TOTAL DIRECT
AIRCRAFT PROCUREMENT 6.332 6.454 5.849 \
I. Anti-ballistic
missile systems 1.697 1,717 1.755
2,  Other missiles .733 .881 .966
3.  Modification of missiles 167 115 .097
k- 4.  Missile spares & repair parts 116 122 128
5.  Missile Support equip. .678 .584 742
TOTAL DIRECT
; MISSILE PROCUREMENT 3.321 3.419 3.688
Combat vehicles 350 214 .323
Ammunition 2,159 2.439 1.767
,.,. (Continued)
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Procurement
ltem

—

1.  Fleet ballistic missile ships
2,  Other warships

3.  Amphibious ships

4. Mine warfare & patrol ships

5. Auxiliary craft

TOTAL DIRECT SHIP
PROCUREMENT

Ship Support Equipment
Aviation Support Equipment

Ordnance " "

SUPPIY it 1
Personnel

Civil Engr.

Communications & Electronics

TOTAL DIRECT SUPPORT &
COMMUNICATION

TOTAL DIRECT DOD
PROCUREMENT

Source:

The Budget of the U.S. Government Appendix, Fiscal Year 1973, Executive Office of

Table D-8 (continued)

1971

.360
1.524

313

.160

2,357

.541
.278
.896
.628
.060
.049

.838

3.290

17.877

Management and Budget, pp. 296-311,

Note:

Differences from D=5 may resuli from variations in classification of miscellaneous category.
Differences from Table | in text are due to rounding and variations in reporting of

individual items.
D-10

1972

.392
1.808
.100
.005

.696

3.001

.507
.390
.703
.728

.032

462

3.162

18,689

1973

779
2.088
.010
251

.435

3.563

«532
377
.836
1.228
.038
.050

L] 904

3.965

19.155

T
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Table D-9

: SHIPMENTS OF DEFENSE-ORIEMTED INDUSTRIES TO DOD
BY TWO DIGIT SIC CODE INDUSTRIES

1 1967 1970
Shipment to Shipment to
DCD as % of DOD as % of
the Total Value % of Total the Total Value % of Total
A 5'|C of Shipment of DOD of Shipment of DOD
Code Industry the Indusiry* Procurement the Industry* Procurement
* 19 Ordnance 71.4 18.3 71.6 21.9
- 28 Chemicals 12.2 ksl 6.4 1.0
2911 Petroleum Refining 3.0 2.0 1.5 1.2
3069 Fabricated Rubber .6 .6 4.3 4 ;
33 Primary Metals 4.4 1.8 2.1 1.0 ‘
34 Fabricated Metal 5.2 1.2 2.8 7
‘ 35 Machinery 6.9 4.3 4.6 3.8 :
36 Electrical
Equipment 24.5 21.1 22.1 23.6
37 Transportation
: Equipment 42.7 43.5 53.2 43.9
38 Instruments and
Related Products 16.2 3.7 5.6 1.8
Source:

Shipments of Defense~Oriented Industries in 1967 and 1970, U.S. Department of Commerce,
Bureau of the Census (August 1969, June 1972).

*Includes only DOD-related industries.
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Table D-10

ORDNANCE (SIC 19)

SHIPMENTS TO DOD - 1970
i
:
SIC Valve of Percentage of

Code Industry Shipments * SIC 19

1925 Guided Missiles $2,545.7 42.0%

] 1929 Amnicnition 2,283.3 37.6

1931 Tanks 278.2 4.6

Sighting & Fire Control 31.4 0%

Small Arms 134.5 2980

Small Arms Ammunition 413.5 6.8

Guns, Mortars

379.6 6.3
1999 Ordnance &

Accessories

Totals $6,066.2 100.0%

SIC 19 constitutes 21.9 percent of the total shipments to DOD.

Source:

Ibid.
*(Millions of dollars)
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Table D-11
ELECTRICAL MACHINERY (SIC 36)
SHIPMENTS TO DOD - 1970

SIC value of Percentage of
Code Industry Shipments * SIC 36
3611 Elect. Measur. Instruments $123.6 1.9%
3612 Transformers 11.8 .2
3613 Switchgear 13.0 52
3621 Motors & Generators 150.1 2.3
3622 Industrial Controls 20.9 3
3643 Current Wiring Devices 4.0 ol
3644 Noncurrent Wiring Devices om0 -
3561 Telephone & Telegraph 60.6 .
3662 Radio & TV Comm. Equip. 5,631.2 86.1
3671 Electronic tubes } 28.4 4
3672 Cathode Ray Dic. tubes
3673 Elect. Tubes 155.1 2.4
3674 Semiconductors 64.2 .9
3679 Elect, Components 180.0 2.7
3691 Storage batieries 22.1 3
3692 Prime Batteries 30.6 4
3693 X-ray 4.5 .1
3694 Elect, Engineering Equip. 38.2 6
3699 Elect. Equip. n.e.c. 1.6 -

Totals $6,542 .4 100.0%
SIC 36 constitutes 23,6 percent of the total shipments to DOD.,
Source:

lbid.
*(Millions of dollars)
D-13




Table D-12

TRANSPORTATION EQUIPMENT (SIC 37)
SHIPMENTS TO DOD - 1970

SIC Value of Percentage of
Code Industry Shipments * SIC 37
3713 Truck & Bus Bodies $  25.1 2%
3715 Truck Trailers 16.5 o
3721 Aire - aft 6,298.7 51.8
3722 Aircraft Eng. & Parts 3,039.0 25.0
3729 Airciaft Equipment 1,578.6 13.0
3731 Ship Building 1,210.6 10.0
Totals $12,168.5 100.0%

SIC 37 constitutes 43.9 percent of the total shipments to DOD.
Source:

*(Millions of dollars)
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Tabi= D=-13

CONCENTRATION OF DOD PROCUREMENT IN

A Source:

TOP 100 COMPANIES 4

4 (Percentage of DOD Procuremant) i
Companies Y 0% | Y070 T FY 7T T FY 372
It 5.5% 5.9% 5.1% 5.1% 1
2nd 4.4 3.8 5.0 5.1 1
3rd 3.4 3.2 4.0 3.9 1
4th 2.9 3.0 3.7 3.7
Sth 2.7 2.8 3.5 3.5
1-5 18.9% 18.7% 21.3% 21.3% |
6-10 10.1 10.5 13.5 13.9 3
1 - 25 15.8 16.8 17.3 16.0 .
1-25 44.8% 46.0% 52.1% 51.2%
26 - 50 12.1 13.3 11.0 11.5 f;
1 51 - 75 7.3 6.6 5.8 6.0
1 76 = 100 4.0 3.8 3.2 3.4
1 - 100 68.2% 69.7% 72.1% 72.1%
100 companies (companies receiving the largest dollar volume of

3 prime contract awards) FY 1972, Department of Defense, 6 October
E 1972. 5?

4 o e T N s
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Table D-14 f

TOTAL DOLLAR VALUE AND PERCENT OF TOTAL PROCUREMENT IN EACH CATEGORY: |
FOUR LARGEST MILITARY CONTRACTORS, FISCAL YEAR 1966* 9
Procurement from Largest] Procurens nt from Largest L,
4 Military Contractocs 4 Milicary Contractors ,
Percant Percent 3
4 Markat Catagory (In Thousands) | of Total Markat Cz*egory (ln Thousands) | of Totsl
I 1. Small arms 146,440 67.5 || B0, X-Ray equipmant 10,715 65.3
: 2, Heavy eapons 42,827 27,1 81, Opthalmic goods 5,593 88.3
] 3. Optical fire control equip 10,358 52,0 j 82, Scientific and navigation instr 265,98 59.4
- 4, Ammunition and migc ordnance 490,410 20.0 || 83, Analysis and measuring instr 18,522 37.3 :
5. Guided misriles 1,478,195 36,5 | 84, Temperature and pressure contr 5,569 35,9 -
6. Alrcraft 2,427,483 59,3 | 85, Optical instruments 5,383 40,6 .
7. Propellers 51,994 97.9 || 86, Electrical measuring instr 47,472 33.4 B
8. Acft components and supports 449,761 42.1) 87, Timers 1,966 45,5
9. Ships and boats 364,943 42,6 || BB, Photographic equipment 74,721 55.2
10, Msrine hardware 5,541 69.8 || 89, Chemicals 37,869 32.3
11, Locomotives 2,422 98.6 [ 90, Household furniture 13,727 59,3
12. Rail cars 4,125 100.0 §| 91, Office and heapital furniture 12,516 32,2
13, Motor vehicles, noncombat 556,189 58,0 ([ 92, Furnishinga 23,661 25,3
14, Tanks and combat vehicles 278,278 (6,5 | 93. Food praparation equipment 5,254 29.6
15, Tractors and comstr equip 104,722 51,1l 94, Kitchen tools and cutlery 4,143 39.0
16, Tires and tubas 42,803 56.2 || 95. Tableware : 1,853 75,9
17, Engines and components, nonacft 204,595 69.8 )l 96, Computers and oftice machines 217,169 83.4
18, Turbines 49,479 92.2 || 97, Typewriters 3,187 60.4
19. Engine electrical systems 33,416 54,8 (| 98, Office supplies 5,2L% 29.6
20, Engines and components, acft 1,861,775 87.3 | 99, Books and papei's ) 11,946 41,0 4
21, Mech and power trans equip 4,796 66,0 || 100, Musical supplies and phonographs 450 45,0 :
22, Bearings 10,515 44,6 (101, Recreationsl equipment ; m 61,6 R~
23. Woodworking mach 1,144 66.1 1102, Cleaning equipment and supplies | 12,444 57.8 4
24, Metal-cutting machine tools 27,797 34,7 [[103, Paint ! 1,682 36.0
25. Electrical welding equip 4,473 67.9 || 104, Bags and sacks 23,800 49.6 .
26, Gas walding equipment 1,991 38,1 (105, Orums and cans 10,167 88.8 E
27. Metal-forming machine tools 5,615 39.9 || 106, Boxes and cartons 36,825 31,1
28. Machine tool accessories 881 65,2 1107, Gas cylinders 1,303 100.0
29. Special dies and tools 683 97.4 {1108, Fabrics 156,795 42,6
30, Laundry equipment 9,805 64,9 (| 109, Yarn and thread 244 71,3
Jl, Service industry machines 2,798 64,4 (1110, Apparel findings 1,876 56,7
32, Seviny machines 1,318 95.5 (| 111, Leather 904 86.1
33, Printiig machinery 3,754 45,2 || 112, Shoe findings and stock 1,710 85.4 i
34, Miscellaneous machinery 12,010 63.7 (| 113, Tents and tarpaulins 19,172 46.5 H
35, Agricultursl sachinery 3,124 56,6 )| 114, Flags and misc textiles 15,286 3o.1
36. Conveyors 9,411 23,9 ({115, Men's outerwear 43,587 13.3
37. Warehouse trucks 59,315 70,4 )1 116, Women's cutervear 1,397 62.0
38. Holats and cranes 6,524 45,1 (] 117, Special clothing 19,028 27.0
39. Elevators 631 91,6 (118, Men's underwear and n'ghtwear 18,278 43,7
40. Chain and wire rope 4,194 37.0|[ 119, Footwear 55,335 42,5
41, Fibre cordage 3,923 43,1 11120, Hosiery and glovas 13,168 51.4
42, Cable fittings 1,677 58.1 (| 121, Badgas and insignia 4,852 51.0 o
v 43, Refrigeration and acft equip 20,226 22.4 || 122, Luggage 6,711 57.7 E
f 44, Fire-fighting and safety aquip 21,337 25,3 (1123, Tolletries 2,732 54,0 4
3 45, Pumps and compressors 13,890 35.6 || 124, Toilet tissue 3,926 76.5
46, Boilers and nuclear reactors 178,658 95,7 || 125, Meat, poultry, fish 70,110 26.4
47, Industzial furnaces 2,980 51,1126, Dairy foods and eggs 33,706 18.8
48, Fans and blowers 2,360 42,211 127, Fruits, vegetables, preserves 23,621 14.9
49, Plumbing fixtures 3,120 46,5 |( 128, Bakery and ceraal products 14,380 24,8 4
50, Heating oquipment 5,571 57.1]| 129, Sugar and confectionery 17,411 60,5 '
51. Water trestment equipment 5,449 60.4 |1 130, Soaps and specialties 11,526 35,5
52, Pipe and tubing 25,698 27,1 ({131, Fats and oils 10,725 61,2
53. Valves 7,242 29.8 || 132, Miscellaneous preparsd foods 14,853 33.6 .
3 54, Maintenance equip and tonls 33,482 22,41 133, Coffee, tes, cocoa 29,754 54.3
8 55, Measuring tools 648 58.6 (| 134, Beverages, nonalcoholic 2,936 34,5
b 56, Hardware and abrasives 9,821 22,4 | 135, Beveragas, alcoholic 3,928 59,6 3
i 57, Structural wood products 1,659 55,0 | 136, Tobacco producte 29,896 85.7 i
i 58, Bridges 9,874 81,5 11137, Chamical fuels 49,562 55.0
L 59, Storage tanks 7,488 68.5 (| 138, Petroleum fuels and oils 391,815 3Ll
b 60. Prafabricatad metal structures 22,072 52,1139, Paper and paperhoard 11,366 7.7
8 61, Lumber and millwork 12,123 23.9 || 140, Plastic materials 3,278 58.9
: 62, Plywood 5,830 42,1|| 141, Refractory materials 765 45,1
..F 63. Construct’on materials, mineral 6,371 21,51 142, Metal bars, sheets, shapes 21,457 3.7
.4 64, Construction materials, matel 96,099 34,4 || 143, Signs 722 54,3
i 65, Telephonic equipment 66,553 38.2 || 144, Matches 338 75.8 $
i 66. Sound equipment 15,555 56.1|[ 145, Mortuary goods 729 76.3 £
67, Electronic equipment 663,338 21.2 ([ 146, Miscellaneous services 107,520 23,1 1
68, Electronic and eloctrical comp 50,011 24,4 1{ 147, Operstion and maintenancu 345,241 34.8 b
69, Switchgear and connectors 3,847 11,9 {1 148, Architect-engineer services 129,476 26,7
70. Electron tubes 63,780 41,0 || 149, Housekeeping services 212,368 43,7
71. Motors and generators 50,462 32,1150, R&E services, unassigned 179,522 20.9
72, Fower devices and controls 36,481 43,2 (| 151, Transportation services 167,875 19,3 ]
73, Transformers 2,604 80.9 (| 152, Constr and property maint 631,320 35.8 ;
74, Batteries 61,004 56.5 1| 153, Apricultural supplies 905 56.5
75, Electric wire and cable 35,613 45,3 || 154, Nonmetallic crude materials 4,063 50,0
76. Lighting fixtures 11,633 31,0 ([ 155. Ores, minerals and their
77. Orugs and medicines 36,570 31.8 products 7,240 72,5 e
78, Medical supplies 11,750 26.4 (| 156, Perishable subsistence NA NAg ]
79, Oental equipment 2,458 47.9 || 157, Unassigned and miscellaneous 27,155 33.4 A

SGURCE: Oata procurement reports from military services and 0S4, (DO0-350 tapes).
a
Assumed to be under 10 percent,

*McKie, James W., Concentration in Military Procurement Markets: A y
D-16  Classification and Analysis of Contract Data, June 1970, The Rond Corporation,
g RM-6307~PR,




Table D-15

SELECTED CONCENTRATION RATIOS FOR MANUFACTURED' PRODUCT GROUPS, 1963;
AND MANUFACTURING INDUSTRIES, 1966: LARGEST FOUR SELLERS*

Product Class Product Class
or Group Industry or Group Industry
(SIC/Census Concentration | (SIC/Census | Concentration (SI1C/Census Concentration (SIC/Census |Concentration 1
Code) Ratio, 1963 Code) Ratio, 1966 Code) Ratio, 1963 Code) Ratio, 1966 -
2011- 30 2011 27 2511- 10 2511 12 :
2013- 14 2013 16 2512- 12 2512 15 E.
2015- 13 2015 17 2514~ 12 2514 13 4
20156 33 2515- 23 2515 27 b
20210 8 25190 18 ]
2022- 45 2022 44 2522- 29 2522 37 ;.
2023- 33 2023 45 2531- 21 2531 24
20240 3% 2024 33 25410 4 2541 4
20310 33 2031 42 25420 19 2542 22 3
. 2032~ 69 2032 63 2591- 34 2591 41 i
3 2033- 24 2033 24 2643- 23 2643 23 k.
g 20341 39 26451 37 j
3 2036~ 23 2036 33 26452 27
b 2037- 23 2037 24 26461 90 2
i 20430 82 26472 61
2052~ 58 2052 59 26491 30
20620 62 2062 63 26510 21 2651 22
20630 66 2063 68 26520 10 2652 12
2071- 15 2071 24 2655~ 51 2655 54 b
2072- 71 2072 78 2661- 42 2661 45 3
20820 34 2082 39 2731- 18 2731 20
20840 50 2084 41 2812- 56 2812 63
2085- 58 085 55 2813- 71 2813 72
20860 11 2186 14 2815~ 45 2815 52
2095~ 54 2095 54 2818- 42 2818 46
2096- 41 20416 47 2819- 27 2819 29
3 2099- 26 209" 26 2831- 37 2831 46
1 20999 23 2833- 51 2833 70
4 21110 808 2111 81 2834~ 22 2834 24 *
s 21210 59 2121 58 2841- 68 2841 72 4
4 21310 53 2131 59 2842- 30 2842 30 4
' 2211 2844- 33 2844 40 b
e 2221 2851- I 24 2851 23 -3
3 2231- 46 2231 56 28921 ; 70 8
3 2241- 15 2241 23 2899- 14 2899 20 :
2252- 16 2252 22 2911- 32 2911 32 r
2254- 30 2254 33 29523 45
! 22720 25 2272 26 2992- 36 2992 36
i 2281- 16 2281 19 3011- 72 3011 71
p: 2283- 24 2282 29 30210 62 3021 63
: 2284- 63 2284 62 3079 8 §
l 2298- 30 229¢ 38 3111~ 20 3111 19 b
) 2311- 13 231, 17 31310 18 3131 19 i
g 23214 23 3141- 25 3141 26
4 23215 33 31610 30 3161 35 3
£ 23221 39 32550 42 3255 41 E
3 2327- 14 2327 20 3259- 34 3259 33 3
2328- 25 2328 28 32620 62 3262 75 b
2329- 16 2329 28 32630 52 3263 61
2337- 4 2337 9 3275- 82 3275 &0
2339 - 12 2339 14 3291- 49 3291 56 o
2381- 30 2381 27 32924 78 3
23850 21 32925 79 4
23860 24 32926 69 i
2387- 16 2387 28 3312 49
23890 17 33126 61
23910 21 33151 72
A 2392 33156 51
B 23940 16 2394 19 3316- 38 3316 34
i 2396~ 58 2396 58 33176 25
g 23990 14 2399 16 3351- 45 3351 43 5
i 2421- 10 2421 11 3352- 67 3352 65
i 2432- 21 2432 24 3357~ 42 3357 39 X
e 2433- 25 2433 22 3421~ 66 3421 66 4
§ 2441- 14 2441 23 3423-. 17 3423 22

. (continued)
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Table D-15, cont'd.

Product Class

Product Class

or Group Industry or Group Industry
(SIC/Census Concentration | (SIC/Census | Concentration|| (SIC/Census | Concentration | (SIC/Census|Concentration
Code) Ratio, 1963 Code) Ratio, 1966 Code) Ratio, 1963 Code) Ratio, 1966
34291 708 3613- 48 3613 52
34294 26 3621- w7 3621 48
3429° 13 36220 49 3622 50
34310 46 3431 47 3623- 36 3623 38
34320 27 3432 32 3629- 31 3629 33
3433- b 3423 16 36360 82 3636 802
34410 13 .642- 15 3642 18
34412 40 35511 51
34431 24 36513 16
34433 79 36520 68 3652 71
34434 62 3661- goa 3661 94
34438 24 3662- 30 3662 24
3449 - 24 3449 24 36710 83 3671 95
3452- 17 3452 18 3679 - 11 3679 22
34614 71 3691~ 60 3691 60
34615 43 36920 83 3692 88
3481- 12 3481 13 36930 49 3693 67
34811 55 3694~ 68 3694 72
3491- 41 3491 39 37170 60 3717 79
3494~ 13 3494 13 3721- 58 3721 67
34941 25 37221 97
34942 25 37222 8oa
34943 27 37223 87
34944 20 37224 53
34980 14 3498 13 37225 82
34990 16 3499 16 37226 89
3511- 83 3511 87 37227 95
3519~ 46 3519 n 37230 87 3723 96
3522- £2 3522 45 37291 28
3531- 42 3531 45 37293 82
35340 55 3534 63 37294 61
3535- 23 3535 29 3731- 48 3731 42
3536- 27 3536 44 3732- 21 3732 20
35370 49 3537 49 3741- 92 3741 98
3541- 21 3541 22 3742- 52 3742 50
3542~ 20 3542 24 3811- 28 3811 29
3545- 14 3545 20 3821- 19 3821 21
35452 39 38220 58 3822 59
35482 43 3831- 37 3831 56
35483 66 38311 43
35484 38 38312 58
3553- 30 3553 32 38410 34 3841 40
3555~ 39 3555 46 38421 52
3561- 23 3561 27 38423 44
3562- 57 3562 56 38430 37
3564- 20 3564 25 33510 45 3851 60
3566~ 19 3566 25 3861- 62 3861 67
3567- 23 3567 35 3871~ 42 3871 45
35690 12 3569 21 3931- 37 3931 36
3571- 63 39410 12 3941 22
35720 79 3572 79 3949- 33 3949 29
35790 46 3579 57 19610 13 3961 25
35820 43 3582 51 39811 11
3585 34 3982~ 85 3982 98
35891 23 39830 70 3983 69
35892 23 3988- 17 3988 22
3611- 30 3611 36 3003~ 5 3993 6
3612- 65 3612 66 39991 72
SOURCE: U.S. Bureau of the Census, Concentration Ratios in Manufacturing Industry, 1963, and Value-of-shipment

Concentration Ratios by Industry, 1966.

aA minimum estimate.

Actual figure not disclosed.

*McKie, James W., Concentration in Military Procurement Markets: A
Classification and Analysis of Contract Data, June 1970, The Rand Corporation,
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Table D-16

AMOUNT OF MILITARY PRIME CONTRACT AWARDS, FISCAL 1967.
AND THEIR PERCENTAGE OF TOTAL SALES, CALENDAR 1967:

100 LARGEST DEFENSE CONTRACTORS IN FISZAL 1967 *
! Military Corporate Military Corporate
3 Prime Sales Contracts Prime Sales Cootracts
Contracts Caleodar us Contracts Calendar as
. FY 1967 1967 Percentage FY 1967 1967 Percentage
4 Cootractoy (S million) ($ millicn) | of Sales Contractor ($ millioo) ($ million)] of Sales
1. McDonnel! Qouplas 2,124,6 2,993,8 71.0 50, Sanders Associates 124.0 139.2 89 !
2. Geoeral Dvnamics 1,831.9 2,253.3 81.3 51, TRW, lnc 120.5 1,214.4 9.9
3. Lockheed Aircraft 1,807.2 2,1335.5 77.3 52, Asiatic Petruleum Corp 117.2 NA NA
.. General Electric 1,289.8 7,731.3 16.7 53, Signal Otl 116.8 1,505.4 7.8
5. United Arrcraft 1,097.1 2,214, 7 49.5 54. llarvey Aluminum 116.5 147.3 79.1
0. Boeing Company 91i.7 2,879.7 3.7 55. Pan American Airways 115.1 944.6 12.2
7. Norrth Avericao Rockwell 688.8 2,438.5 28.2 56. Mobil 0i! Corp 109.3 5,771.8 1.9
8. AT & T 493,83 3,733,948 13,22 57. Eastman Kodak 108.7 2,391.5 4.5
673.0b 13,009, 2 4.0° | 58. Mason & Hanger 108.4 NA NA
3 9. General Motors 625.1 20,026.3 3.1 59, Pacific Archltects 106.9 NA NA
i 10, Liog-Temco-Vought 534.7 1,841,1 29.0 60. Lear Slegler 100.8 402.3 25.0
11, Textron, loc 496. 6 1,446.0 34.3 61. Magnavox 98.5 4643 21.2
3 12, Gyumman Aircraft 487.7 969.7 50.3 62, Mass Inst uf Tech 94,9 NP NP
3 13. Sperry Rand 484.1 1,487.1 32.6 63. Am Machine & Foundry 94.1 409.2 23.0
F 4. RMK-BRJ 462.5 950.0+¢ 49-4 64. Texas lnstrumeots 93.7 568.5 16.5
4 5. Westinghouse Electric 453.1 2,900.7 15.6 65. Fairchild Hiller 93.5 268.7 3.8
e 16. Avcu Corporation 448.6 783.0 57.2 66. Curtiss Wright 9.8 173.7 52.3
. 17, Hughes Aircraft 419.5 NA NA 67. Teledyne, Inc 87.8 451.0 19.5
- 18, Ford Motor Compaoy 403.8 10,515.7 3.8 68, 0illlngham 87.6 206.9 42,3
:s 19, Raytheoo 403.3 1,106.0 36.5 69, Chamberlain Corp 74.0 85.1 87.0
g 20, Hooeywell, lnc 313.7 1,044.9 30.0 70. Flying Tlger Line 73.4 87.0 84.4
i 21, Northrop 306.4 469.4 65.3 71, International Harvester] 72,7 2,541.9 2,8
22. Kaiser Industries 305, 74 808, 74 37.8d 12, Federal Cartridge 72.4 NA NA
23. Beodix 296.1 1,274.0 23,2 73, Johns Hopkins Univ 71.1 NP NP
24, Martin Marietta 290, 2 695.6 41,7 74. Aerospace Corporation 70.8 NP NP
t 25. Ryao 290.1 393.2 73.8 75. Oow Chemical 67.0 1,382.7 4.8
26, General Tire 273.1 954. 5 28.6 76. Continental Airlines 65,7 188.2 34.9
27. RCA 268.4 3,014.,0 8.9 77. White Motor Corporation 64,7 769.8 8.4
28, IT & T 255.2 2,586.3 9.9 78. Condex Corporation 63.0 75.0 84.0
29. Ogden Corporation 236.7 704, 1 33.6 79. Western lUnion 62.4 336.8 18.5
30. Standard 0il (N.J.) 235.1 13,266.1 1.8 80. Emersoo Electronic 62.2 395.,2 15,7
31, Uniroyal 217.3 1,264.7 17.2 81. Firesiwone Tire 61, 3¢ 1,875.4 3.3
32. collios Radio 201, 6¢ 439.0 ) 82. Bethlehem Steel 60.3 2,594.0 2.3
33. Hercules, lnc 195,2 642.6 30.4 83, Airiift International 59,0¢ 70.2 84.0
340 1B 194.9 5,345.3 3.6 84. Hughes voo: Company 58.6 NA NA
35. Newport News 188.5 305.3 61,7 85. Cessna Aircraft 56.7 213.6 26.5
36. Litton Industries 180.3 1,561.5 11.5 86. Atlantic Research = 56.5 NP NP
37. Du Pont 179.6 3,078.8 5.8 87. Sverdrup & Parcel 56.5 NA NA
38. Thiokol 172.7 235.7 73.3 88. American Mfg Company 54.9 794.2 6.7
g/ 39. FMC Curporativo 169.7 1,313.0 12.9 89, Stevens (J.P.) & Co 53.4 794.2 6.7
- 40, Chrysler Corporatioo 164,7 6,213.4 2.7 90. Vinnell Corp 53.1 NA NA
41, Goodyear Tire 154,5 2,637.7 5.9 91, Wes.inghouse Air Brake 51.9 305.4 17.0
42. Olio Matnieson 154.3 901.1 17.1 92, by. :em Development Corp| 50.4 NP NP
43, Standard 0il (calif) 152.8 3,297.8 4.6 93. Northwest Airlines 50.3 384.0 13.1
44, Oay & Zimmerman 142.2 NA NA 94, Gulf 0il Corporation 49.9 4,202.1 1.2
45. General Telephone 120.2f 822.9f 16.8F [ 95, smicu, A. 0. Corp 48.5 330.0 14.7
138.58 2,622,18 5,38 96. Motorola 47.8 630.0 7.6
46. Morrison-Knudsen 135, 79 189.3 71.7 97. Cities Service 47,5 1,374.9 3.5
47, Norris Industries 127.6° 189.9 67.2 98. Tumpane Company 46.9 NA NA
48. General Precision Equip 124.2 461.6 26.9 99. Union Carbide 46.8 2,545.6 1.8
49, Texaco, Inc. 124,2 5,121.4 2.4 000. Maxson Electronics 46,0 65.7 70.0
Total, 100 cvompanies and subsidiaries 25,693, 1
U.5. total, military prime contract awards of $10,000 or more 39,219.4
Perceotage of total goiog to largest 100 65.5
Percentage of total golog to largest 10 29.6
SOURCES: Moody's Industrials; Depi~tment of Oefense, 100 Companies aod_Their Subsidiary Corporations Listed
According to Net Value of Military Prime Contract Awards, Fiscal Year 1967.
NOTES: NA iodicates not avallable, NP indicates noo-profit contractor.
awestero Electric ooly. AT&T was placed in the & to 20 percent buyer-coverage bracket,
. bAT&T consolidated total.
& ‘Represeats coosolidation of several numbers of the consortium, but not all,
;o dlocludcs Y of National Steel and Shlpbuilding.
®Fiscal year on other than calendar year basis.
fSylvania ooly., General Telephone was placed in the 6 to 20 perceot buyer-coverage bracket.
’( BGem:-ral Telephone consolidated total
& *McKie, James W., Concentration in Military Procurement Markets: A
R . P - . 3
Classification and Analysis of Contract Data, June 1970, The Rand Corporation, 19
3 RM-6307-PR, D-
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Table D-27
i DIRECT AND INDIRECT MATERIAL REQUIREMENTS FOR
3 ONE DOLLAR OF FINAL PROCUREMENTS OF DOD-RELATED INDUSTRIES:
1966
% Aircraft Radio, TV Elecironic
1 From : To | Ordnance & Parts Equip. Components
| SIC SIC 19 SIC 372 | SIC 365-366 SIC 267
19 1.03 0.02 0.01 0.01
¢ 372 0.29 1.19 0.02 0.01
365-366 0.07 0.06 1.09 0.07
367 0.04 0.03 0.22 1.1
Subtotal 1.43 1.30 1.34 1.20
] Total Input 2.19 2.13 2.55 2.25
Percentage of Inputs
Emanating from DOD- 65% 61% 52% 53%
Related Industries Inputs

Source: Input-Output Transactions, Boreau of Economic Analysis, 1966,

Department of Commerce, February 1972.

D-30

(These figures include

NOTE: The material requirements are expressed in dollars and represent
the inputs required from all industries to produce a dollar of
final goods in that particular industry.

8 multiple county and intermediate transactions.)




6961 isnbny ‘ecsswwon jo jusuiuedsq ‘/94| iseiysnpuj pajualip-asuagaq o4 syuswdiys (Z)

*TL61 dunf ‘sd18wwo) yo juswppdaqg ‘gzg| :si94njopgnudiy jo Aaning [pnuuy  (]) :924n0g
ISt $26'82 £01°62 24292 0¥ ‘8 Burinjonsnuoiy |1y
962" 601 19 o 916 Buip|ing
joog @ sdiyg €48
Gye® 8lY°1L VA 98¢ L2/ SHD] P }oIdaIy zLE
/80° 89¢’1 1AM | GES 225’ S|21YaA Jojoy L€
o8lL” zL0’t 990‘8 8811 9ze‘zl uoyojsodsupa | LE
AN 00V £¥9 % 44 9821 sjusuodwon *yo3|3 £9€
8cz” z0s 8261 12z 1659°2 °dinby uoypounwwor 99¢
981° 0SZ 661 9lg Ge/ *dinby AL ¥ olpoy G9¢
L6l” 99€‘C 611" 1¥0°c 925’8 sajjddng
*dinbg [D214403|3 o¢
ST 2622 /L¥0’S £/0°¢ 114701 (*409]2 jou)
Asauiyoopy Ge
oL L2172 6961 605’1 559G sRIpald
[PIZW Pa4ooLIqD 145
col® e/ GOV L G8Y S3|IsSIy  PapIng Gz6l
44N £/¢ G// 991 41 S2UDUPIO 6l
sjuswdiys | sjolsyopy $5920.44 Spoo5) [pdo] Aiysnpuj IS
o} Aiojuanu) ul paysiuly Aiojuaay]
JO oLy SHOM Jo an|pp
(ol pw ¢)

(£961) SINYLSNANI AILVIIY-AOA YO SINOINIANI ONRINLOVIANNYW 40 INIVA

8¢-a °2°|9°1

D-31




ONYNLIVANNYW 1V

INI1QTINg
%L1~ 94" ol 90¢" 962" 1v08 2 SdIHS €L€
%1€ AN LLE" L TAS gHE " S1¥Vd 9 14VYodIV TLE
4l 660° 080" 60" L10° JII1HIA HOLOW IWAS
%3l g0Z"° VAN LLL: ogl- NO|1YL1H0dSNYYL LE
%62 wee: €61 TAN YA SININOJWOI 23713 L9¢
%9- wee: 6¢€z” oye: 8¢ *d1N03 NOILYI INNWWOI 99¢
%€~ oglL- 9/l gale 9g1° *dINd3 AL 2 01Qvy g9¢
S311ddNS 2
%9 goz* 00z A% 61" *d41N03 I 1412313 9¢
(12373 1ON)
%21 4T JAYA 9z YAA AYINTHIVW 14
S1INQ0Yd
%< 691 g9l TIN 79t IVLIW Q3LYI14ay4 y¢
%9- 660" 901" gLt G0l S3T1SSIW a3qinyg q261
%6~ 621" YA N LSl ht” JINYNQYO 61
0/61-1961 0/61 6961 8961 L961 AY1SNANI J1S
JINVHI %

0/61-/961 S3IIYLSNAN! Q3L3373S  SINIWJ!HS OL AHOLNIANI 40 SOILvY

D-32

6¢-a 3|90}

o i



Table D-30

TRENDS IN U.S. MERCHANDISE TRADE
TOTAL AND "ENGINEERING" PRODUCTS(®), 1960-1972

Ave. Annual
Growth Rate
in 1960-72
1960 1965 1970 1971 1972 | % Compounded
1. Total merchandise trade:
Exports\®) 20,608 |27,530 |43,224 |44,130 | 49,768 7.6
Imports 15,073 21,429 39,952 145,563 | 55,555 11.5
Balonce 5,535 ) 6,101 | 3,272 [-1,43371-5,787 -
2. '"Engineering" Froducfs(b)
Exports'™ 7,719 111,152 19,421 |21,060 | 23,114 9.6
Imports 1,550 | 3,116 |11,573 |14,316 | 17,939 22,7
Balance 6,169 | 8,036 | 7,848 | 6,744 | 5,175 -
2A. "Engineering" Products
Manufactured Largely with
Discrete Processes\®
Exports @) 5,984 | 8,933 |14,653 [15,717 | 16,793 | 9.0
Imports 750 | 1,674 | 4,275 | 4,712 | 6,260 19.3
Balance 5,234 | 7,259 [10,378 [11,005 | 10,533 -
2B. "Engineering" Products
Manufactured Largely with
Continuous Processes
Exports'®) 1,735 | 2,219 | 4,768 | 5,343 | 6,321 11.4
Imports 800 | 1,442 | 7,298 | 9,604 |11,319] 25.0
Ralance 935 777 |-2,530 |-4,261 | -4,998 -
(a)

shipments of agricultural commodities under Public Law 480,

Data on U.S. exports include "non-commercial” shipments, such as military grant/aid and

(b)Producfs of industries SIC 35 (non-elect. machinery), SIC 36 (elect. machinery & equip.),
SIC 37 (transportation equip.), SIC 38 (instruments and controls), and SIC 39 (ordnance).

(c)

Tzial of engineering products less the sum of automobiles and equipment. Household appli-

ances; radios, TV, and other telecommunications equipment; and phonographic and sound
reproduction equipment.

Source: U.S. Department of Commerce.

(Continued)
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Analytical Note to Table D-30:

: Engineering products 2A is one of two and by far the most important commodity

-5 group (the other -- chemicals, but much less important) that has consistently

3 vielded trade surpluses and maintained external value of the do!lar. The growth

] of imports of these products, more than twice as rapid as that of exports, implies

that even here we are losing the advantage. Programmable Automation would help

to counter this trend.

y

;
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APPENDIX E:

HUGHES AIRCRAFT TOW MISSILE PRODUCTION -
SUPPLEMENTARY DATA
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APPENDIX F:

WESTERN GEAR CORPORATION -
SUPPLEMENTARY DATA

Organization Chart, Manufacturing Department
Precision Products Division

Gearbox, Engineering Parts List

Gearbox, Main Housing
Manufacturing Order (MO)

Gearbox, Assembly Inspection Record
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O we: .
S o
MAT'L $PEC. NO. ~
A QQ~-A-601 A (i
3 BAR NO. 2.0. O, VENDOR ’ 80, NO. g e !
s TCR — _
rlcaA = OPERATION AND TOOL e e e o
) ; “FIREY PIECE INIPEGTION 1S HANDATCAY AT EAC INE CENTEL. I¥ LING INSIECTOR : :
CAVTION: sﬂm"ﬁuﬁl»\ LNk SUPERVISOK SHALL VERIPY. S0Eionny COUMMNRE. !
8.0 ‘
20 133 Material Lab Clearance . )
‘ Move material from casting stozes;
Purnish sepacated tote box 1
= o i . X ; :
30 47 (51l | Serseliny paily seidh Lo¥ o 108 1 1 3
é 3
=" i
N
|
1 30 2 |72753 Finish mill large face ROLAing .69 dim |2.1%
to .66 min. depth within a 3.400 dia. 5O
erralope. ;
Mill end of (1) ear, drill and tap (8)
1/4=2G n0Les. :
Rough bore 4.125 and 4.375 dia. bores. 4
“ | Finisk bore 1.750 dia. for lincx. ]
Rouwy face, turn and boras all cross borsd.
Bo]r% 2.594 center line dim. toO 3
25 &10/2 615 typ. both ands. :
1 Bov. ™S €0 3,300
4 Fi.uieh bore 1. 9‘10/1 971 dia. per B/P i
o4 TIner, ?;.
: .| bril} and tap bub end per B/P. r, ;
?j Tevs Sypecial vide Jaws i q
: a {Milwavkee~Matir) 1650-24-61 ' 3
7 - = s
: ! N.C. Tape 1650~24~460-40 L
: 4 i
FEANN F-6 TYPIST APPROVAL DATE PLINNED | SHEET NO. OF f
K ve Retyped 7-23-70 2=€«56 1 6 4
WGG FORM NO. 43-MODM-| Reproduced from %\\W/// b
best available copy. 4,/“\\\%' ..i
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: L Logiheed 2/C j T N s A 0
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1 e f j o o, S
: el Join Hougieg SEE FIRSY PAGE S-S
: oria, Dr.?'r : HACK. [EAZN(IST LOT g .. __L___:__:_ R
4 no, CROUP [L‘ou:rj STAup OPERATION AND TOOL SETup msreer |_es. g, rrd
"EIRST PIECE INSPECT Sto.viwe | QR 2 %0 {coon] kes |
ION 1
| CﬂUTEQHB 1S _NOT AVAILALLE, A lfmm E;;Cul-ll.mcumsmc&naw UNE INSPECTOR ’
Break edges .015 max. 2 :
P’ ! I] E
k“ I
] 50 131 3200 Llodine #600 per B/P. T
0
- |
¢ 2
4 1
!:' Eas i
% ] ‘
50 | 154[2000 |
g Draw from stores L) —
1 R 1462-6 0 |
! . “Liner X U |
" . 1 T er
9 589-8 Liner (L © '‘d par
3 PLANNER TYMET T :
1 = ¥ Retyped 7-23-70 Nalsge e o
3 =56 2 6
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: 1 custonen 10T Wediea i; el CHANGZ YiKZ TO T ()
% ’ -
] M Lockieed A/C : | R T AARE
Ef i AIC ARk T owe, we
! 1 badn dousing i Sck FIRSY PAGE
: --.—o—,_.‘. | o Saci | wackisy aant - ; SEY-u? '
E NS i 4.0 | Gicu? fcomol sw.ur'i 0?EATIQN AND TOOL svo.viee § OX b KO | gopn | Lo, ——
1 i “FIRST VIECE INSPECTION 15 MAHBATORY AT EACH MAI 4iNE CENTER. iF LINE INSPZCTOR .
F CAUTION: tts NOT AVAILABLE, A LINE SUPERVISOR SMALL VERIFY BLUEPRINT COMPLIANCE". i
| | o | 1
, 70 [141 ?QOQT J___) Shrink and assen I 5 10 ) WSS i S
hardware per B/P. \
!
)
“ i
=
: .? % :
s | §
i :
?
1 P
1 - 1 ;
80 |2 |9100 Sand large joint face for flatness 0 P
.08 : :
B
: —
L
5 { §
r
J -
= =
P
i 1 P
? -
i ¢
P
L
2.25% P
20 12 1737613 Pinish machine joint face bores, cross |.29% |
2 727513 bores and hub end faces and chamfors per
—1 B/P.
Tacl ixture
(¥ilwankee-Matic) 1650~24-62
But Arbor (Concentricity) 165Q0-24-101 :
1
F-8
: AEANMER TYPIST APPROVAL DATE PLANNED SHEET NO. OF
U ve Retyped 7-23-70 2=6=56 3 2
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= { SEE FIRSY PAGE . |
= = o o [ = == = U seyeus ; Cwcn e
Spia. o PTT L pkcii. | gack[isT AMY iy ATt A ; IRSPECY L.__._._..._
0. j o t CROUZ 1 cosu] vTAie ! OPERATION AND TOOL 3¥0, Ttk | O% & NO. . co ETEE
_‘ *TIRST PIECE INSPECTION 1§ MANDATORY AT EACH MACHNE CENTCR. IF LINE INSPECTDR f
3&%?5@&!’ 1S NOY AYVAILASLE, A LINS SUPERVISOR SHMALL VERIFY BLUEPRINT C(,‘Z.‘.r’UANCE"-‘ ;
5% 3
100 {2 |0361]2 Drill and ream (1) ,1240 04w L
pex B/P. 9
Tool Drill Jig ' 1650~-24-~12 s

1

|

110 1432100 Burr 0 ;
.25 | :

120

147

5147

Inspect

o3

ool Checking Pixt. 1650-24-18 4
i k.
F F-9 | ;
PLNI:\JER  TYPIST APPROVAL l DATE PIANNED SHEET NO. [ok] !
i i ve Retyped  7-23-70 2=i~=56 4 b
F-9g
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. TRt Russs T s ;;cn.\uz THee 1o | _
e e R \ & 4 4 o= - N
' __ lLGcxneed H/C , ; i 1850-ua iy
. "ATY LARE ) BIRG, MO. B
__daln Zousing , SEE FRST PAGE :
e e ! -.:ucn. faaculisy AM" 0 , & =~ RS
o ; 83, © seous §conn XIS e OPERAVION AND TOOL P P i |
v 3 B “FIRST PICCE !NSPECTION IS MANDATORY AT EACH MACHINE CENTER. IF LINE INSPECTOR ! ‘l
| CAUTION: 18 NOT AVAILAZLE, A LINE SUPERVISOR SHALL YERIFY BLUEPRINT COMPLIANCEL". |
0 .
130 11475124 Zyqlo inspect (Certified) 215 } )
( i
! R
i
i
j
— |
!
|
l foe
-
| P
146 (13113200 Alcdine #60C per Spec. MIL=S=5541 16.4 4 i
. i o v} i
|
|
i 7 ¥
=
'1 —
_: i i
N
] i f q
1 | i
1 i l
b
|
I.-l o 3— -
i 150 11475146 Check for identification and package <10
g
4 F-10 C
j C_/0
PIANMNER TYPIST APPROVAL DATE PLANNED SHEET NO. g "
— ve . Retyped 7-22-70 2-6-56 5 |
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3 } 3 J : o1y | SR L .
s, l ro, o ‘(cr.:nei LTARE | Gl AT RS 6 NGOl STO. VIug : UK 8 fto, GLan; v
i : ; i T
i WA LT 3 WS | “FIKST PIECE INSI ECTHIOH 15 RARNUATORY AT £ACH MACHINE CinTed. ik LINE 1R5PECIOR
t CAYTIGON: |5 nor AVAILAGIE, A LINE SUPERVISOR SHALL YERIEY SLUEPRINT COMPUANCE". | | ;

z 7 ot
1 155 'J.-Ea-O 2000 ; Draw f£rcm stores and move to: — =X | o
{ _ RD 205 SB~7 Insert (4 req'd
]' RIRR 2& S5B-~7 Lockring (¢ req'd
I' d
| d

RD 206 SB-8 Insert (8 réq’

i | RLRR 28 55~8 Lockring (8 g’ .
| _SF S1-7 SA=-SA Stud (8 rg‘a PEX ‘.'r.,‘
) ‘ RLRR 21 SB-6 Lockring ' (d rgq'd“ger‘ani{c)
SEE ALT To fmed A/.‘Z Y£g ;
; |
| i
!
n e
{ .
i .
157 114112000 Inatall hardwere per B/P. .50 ,. )
|
i
!
p )
4 160 {160|9000 Send to A/C stores 0
| Il
. 3.6%
S | 2L . g3xl P11
3 X | 1veist APPROVAL TDATE PLANNED TSHEer NO. o
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) ey T 1 GUAN L LU G U CARRGE TIMN TS | mevo
! P IR S Ny ] s { j ! : H
' TGN SRR EHA ] i i o= ~
i 0 T P PN T i : b - H -
Comy L WL | oo 1650-319 I
Y L YT R YT I ALD'Y BIRIAL NO. LLWG. NO. T
AR Ol SIS 4 3a 3 ] e i e
CUICISION PRUDTETS DIVISION wawoos, Colifarnia | L~”105U R 319 o
LLUSTCMER { SLsT. 2.0 NO. | cusT. owe. No, e
Toekheed A/C ; t 5 )
CPART NAME W.G.C. 5.0, NO, ABS'Y COMPONENTS REC, il REV.
'_Gear Box M,L.G, Mechanism i —l
PER.|DEPT. % I m— A 7
Sl gl ASSEMBLY iNSPECTION RECORD CIBHaECH| INxe: ORTE |
' ' o
i , 1
] L
: 1 o
1 ! | :
: Y
510 160 Issue parts per basic parts list. ! | _
L 1 | p
: ! .
! 1
b L
i i Issue component parts as req'd per B/P. XK
t T
: I :
: |
? Lo
; o
i L
f L
L
: o
' 3 !
-
i
; !

Record Unit S/N

] H
; { 4 p
B
_ | "
: } j ; ;
{ ; f !
{ ; i i
3 !
s | o
f' 1 8
) ! i H
3 / :
i 3 :
t i |
b { ! }
b ;30 141 Layout parts for visual inspection and conformation to ! g
+ ]‘ L [}
b H
1 ! detail drawings.
o §
L ! . . .
2 ; Inspect for required finish and absence of nicks and
3 burrs.
] ]
{
3 |
: !
E F- ]|2 I: =z
PLANNER TYPIST APPROVAL DATE PLANNED | SHEET NO. oF |}
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T | : ' 1650-319

3 [Py e Nt

‘ 5Jvl...:._‘.'.,._\_ux.l..;‘.S.;.f.;i ALY YHItAL N P DS, NG
i QAN el b B T S Y P Py
RUNISON PRODSCES S/LION Lumveoto, Cailonis ki Ll
“ OSTONLER ) §OERARY LN R . .
Lockheed a/C Y Gear Box M.L.G. Mechanism
f o R DR o | owe I
3 o, | e, ASSEMBLY INSPECTION RECORD ovis zona{S P [HECH. E2. [ 0T
ot i
a .f |
; ‘40 11411 | GENERAL ASSEMBLY NOTRS
s f { | i i o
1 : ! 1 { Pack bearings and fill gear tooth spaces using ;
; : i ' i :
5 ¢ I { MIL-G-3278 grease (Ref. B/P Note # 1) ; ; e___é i S
3 ) & [} P i 3 i
A 5 : i 4 ‘ { ; :
N 3 g § S
- A oL
E t I 3 l.' ¢ 3 .‘
i : 3 i2 i Check backlash using 1.625 radius measured at the | f i : .
3 ! : } i ¢ ! : ; r
g ; é irput shaft shall be .012/.026 or at output shaft 5 } : f y
; { '
§ § i ! ; ; f
5 0 shall be .007/.014 measured backlash locking P : ! f P!
4 : { ¥ ! : i 3
3 ! . . ) i : ! ' ;
: a i respectively opposite shaft to housing. ! : : ? ; } ;
i ; i i ; ¢ | i ?
i 11 1 (Ref. B/p Note # 4) S I A T
d ¢ ; 4 t } ; ? v;
Lo bbb b
b A
.} B Torque AN 364-524 nut to 60-85 Lb/In. § R
j 5 ] I i v i
: " i ; { ! :
.+ D i (Ref. B/P Note # 6) : § S S
P4 I
R : L
I ‘1 1 O B
‘ ! ¢ ! Generously cover remaining gear surface with : : 5 ‘ i ‘ :
: 1 e &
i ] i f i
i i MIL-G-3278 grease. (Ref. B/P Note # 1) P ‘ i :
to1 A
4 ! ! §
‘ 5 | Torque BL-N-05 lockout to 800/1000 Lb/In. " :
: ! (Ref. B/P Note # 6) ;
{
: ;
a L | Inspect gear tooth contact Q X)CX! | |
g ‘ , (
3 3 .
e /,.Cb j- h
) !
[ H H
|
3 i
3 i i
3 f |
4 g F-13 i
A 9 t [} ¥ 73
- j PLANNSR TYPIST APPROVAL | DATE PLANNED GHEERT No. or |
: ' McNab ve Retyped 5-5-70 11-26-68 2 4 % |
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APPENDIX G:

x DOUGLAS N/C FABRICATION FACILITY -
4 5UPPLEMENTARY DATA

List of 420 Vocabulary Words in Use
In Current Computer Programs
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Action Code Release

Action Group

Action Group -~ Backup

Action Group ~ Report
Activity Flag

Advance Assembly Outline
Advance Material Order
Aircraft Group

Aircraft Transport Association Code
Airplane Zone

Assembly Drawing Flag
Assembly Outline Number
Assembly Outline Pull Sequence
Assembly Start Date

Assembly Start Date -~
Fabrication Outline

Basic ECP
(Engineering Change Proposal)

Basic Material Code

Basic Shop Order Quantity
Bin lLocation

Bin Location - Pull

Bin Number

Block Stamp Assembly Description
Boost Date

Cancel Date

Canel Flag

Catalog Seqience Number
Change Lett:r - Release
Change Letter - Tooling
Change Letter Description
Change Letter Requirements

Change Letter Sequence Code
Change Package Identifier
Changes Pending Material Action
Code - Document Type

Code - Handling Instruction
Code

Release Variance

Code = Single or Combined
Code - Special Schedule Identity
Code = Stop

Commercial Spares Release Date
Commercial Spares Release Quantity
Commonality Code

Commonality Code Part Used on
More Than One Model

Complete Assembly Sequence File
Letter Change

Configuration Dash

Configuration Date

Configuration Flag

Configuration Note
Configuration/Foreign Usage Code
Contract ltem Specification Number

Contract Item Supplemental Purpose
Description

Control Code

Coordination Data = Assembly Outline
Coordination Data = Fabrication Outline
Correction Narrative

Correction Action Type

Current Station Date

Current Station Number Condition

Customer Designated AO Effectivity
(Assembly Order)

o A R




. "- TS fone
i St

Customer - Exception Detai! Type Specification
Custemer Initial

Customer Initial WAS

Direct Engineering Estimates

Discrepancy Specified on Rejection Form
Customer Item Disposition Code
Customer/Version Exception Code Disposition of Douglas Item

Data Routing Supplier Disposition of Vendor Item

Date - Auxiliary Release Disposition Specified on Rejection Form

Date ~ Calendar Drafting Material Code

Date = Completion
Fabrication Outline

Date - Current

Drawing Number

Drawing Number ~ Replacing

3 Drawing Number Replaced
; Date ~ Earliest Release Drawing Replaced by
' Date ~ End :
1 Drawing Replaces
3 Date - JCC Completion Drawing Siz
: (Job Control Card) rawing size
Date - MPR Comgletion Drawing Title
(Manufacturing Part Requirement) Drawing Type
\" Date ~ Production Release Drawing Zone
3 Date = Pull Due Out of Group
: Date = Start Edition Number
Date ~ Variable Release Effectivity ~ Matrix

Date of Inspection Buy-O ff Effectivity Action Indicator

Date Purge Effectivity Factory Serial No.

.IT Date Transaction On File Plus/Minus

Department - Source Effectivity Hundred

i Design Cognizance Effectivity Indicator

1 Besigr Gontrol Déeumant Effectivity Planning Noext Assembly
‘ Design Control Document Effectivity Statement ~ FSN

" Change Notice Effectivity Statement - Ship

Design Group
Detail Part Note

, x Detail Specification

Effectivity Type
Employee Number

Ending Fuselage
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Engineering Change Proposal
Engineering Delete Code
Engineering Length
Engineering Material Code
Engineering Next Assembly

Engineering Next Assembly
Dash Number

Engineering Note

(Multiple Lines 40CH EA)
Engineering Order Process Date
Engineering Thickness
Engineering Width
Engineering Work Order
Engineers Note Code
Equipment Category
Expand Material Code
Fabrication Assembly Ccde

Fabrication Order Special
Purpose Description

Fabrication Outline - Basic
Fabrication Outline - Split-1
Fabrication Outline - Split-2
Fabrication Outline Serial Number
Fabrication Schedule Code

Factory Serial Number

Federal Supplier Code

Figure Number

First Change Letter

First Delete Change Letter

First Reinstating Letter Change
Flight Development Engineering Order

F':ght Development Release Order

FO Serial Number - End
(Febrication Order)

FO Serial Number -~ Start
(Fabrication Order)

Form Serial Number
Furnished by Instruction
Croup - Planning Assembly

Identifier for ltem Requiring First
Article for FAA (P/N Flag)

Indicator - Approved Part Number

Indicator ~ Assembly Date Equipment
Indicator -~ Basic Shop Order
Indicator - Delete

Indicator - Equipment Category
Indicator - Excess Release

Indicator - JCC Split (Job Control
Card)

Indicator = Out of Position

Indicator ~ Part Common Usage
Indicator - Pul|

Indicator ~ Schedule Code

Indicator - Serial/No Serial

Indicator - Set-Run

Indicator Effectivity Segment
Inspection Change Request

Inspection Characteristics List
Inspection Characteristics List Tooling
Inspection Code

Inspection Item Quantity
Interchangeable/Replaceable/Spare Code
Inventory Management Code

Issue Number




item Find Number Material Category Code

ltem Number Material Code
JCC ~ Action Required (Job Control Material Date
Card)

Material Description

Laboratory Tested Material Dollars for Rework

Last Change Letter

Last E.O. Revision Date
(Engineering Order)

Material Dollars for Scrap
Material Ending Fuselage Number

Last Incorporated Change Letter Material Expansion Code

b ] '
Last Memo Number Material Involvement Indicator
Line Number - Dynamic Material Qualifier

Line Number - Early Dynamic Material Sequence

. . . * S o fre L
Line Position Material Specification

M gintenance and Overhaul Code Material Starting Fuselage Number

i Material Substitut
Maintenance Percent areria stitute

Numerical Series

Make From Part Name dsoRi = Lengith
Make From Stock Size Maximum-Width 3
M anufacturers Code HadCliCors l
M anufacturing Dollars for Rework Medel Wersion f
, M anufacturing Dollars for Scrap Medelierion "5 HHiAS é_!
A lnr o o o Model Version Exception _'
.;._' M anufacturing Index - Earliest Modification Drawing Appl. Code 7
M anufacturing Index - Next MPRRe‘:uniir?m:r:fe)q (Manufacturing Part 3
.':" M anufacturing Index Over-Ride MPR First Ship Effectivity
t M anufacturing Length (Manufacturing Part Requirement) E
; M anufacturing Width MPR - Note (2 x 70) E
; Master Part Record Change Authority (Manufacturing Part Requirement) 1
Master Part Record Coordination Data Multiple Use
! (5 x 70) Name - Planner
Master Parts Record Customer Next Assembly Drawing Number ’*
i Effectivity '

Master Tool Source . .
Numerical Series Sequence
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Numerical Series Table Identification
OK to File Date

O perator Numbe:

Other Model

Page

Page - Effactivity Hundreds

Page Effectivity

Page Effectivity Code

Page End

Page Matrix

Parent Model

Part Code

Part Code - Assembly Outline
Part Earliest Manufactiring Index
Part Material Category

Part Number

Part Number - Approved Parent
Part Number Opposite Hand Dash
Part Serial Number

Part Subassembly Code

Part Type

Part Type Error Release

Parts List Flag

Password

Planning Authority - Auxiliary
Shop Order

Planning Authority - Excess/Shortage
Planning Change Identifier

Planning Change Request

Planning Fabrication Group

Plannirg Finish Specification

Planning Function Code

Planning Hold Flag

Planning Identifier Code

Planning Next Assembly Requirements
Planning Release Date

Plant Responsibility

Position -~ Assembly Outline
Position - Next

Price Code

Product Support Group Code
Production Data Sheets Instruction
Production/Planning Next Assembly
Proprietary Code

Protect the Product Planning
Supplement

Provisioning Code

Purchase Order Location

Purchase Order Number

Purchase Order Splits

Quadlifier Print Code

Quality Assurance Record Manufacturing
Quality Assurance Record Receiving
Quality Assurance Record Source
Quality Assurance Stamp Number
Quality Authorized Substitute
Quality Item Quantity

Quality Stamp Number

Quantity - AO Required (Assembly
Outline)

Quantity - AO Required Per Airplane
(Assembly Outline)

Quantity - Acxiliary Shop Order
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Quantity

Class Shop Order
Quartity - Detail Part Per Airplane
Quantity ~ Excess/Shortage

Quantity - Fabrication Outline
Quantity - New Parts Added/Revised
Quantity - Release

Quantity - Required Per Airplane

Quantity - Required Per Engineering
Next Assembly

Quantity - Ship Remainder
Quantity as is Accepted
Quantity Actual

Quantity of Parts Accepted
Quantity of Parts in Lot

Quantity of Parts Per Production/
Planning Next Assembly

Quantity of Parts Reflected

Quantity Per N/A + OR
(Next Assembly) ( )

Quantity Rework

Quantity Scrap

Reference Drawings - Assembly Outline
Register Number

Reinstating Letter Change
Reflecting Department (Location)
Rejection Code

Rejection Document Serial Number
Release - Increment of

Release Cut-In

Release Cut-Out

Release Date

Release Number

Remarks Inventory Segments
Removal Document Serial

Removal ltem Ship Record
Replace or Superseding Number
Replaced by Part Number
Replacement Purchase Order Code
Replacement Purchase Order Number
Replaces Part Number
Requirement Per Next Assembly
Requirement Per Part
Responsibility/Change

Responsible Agency

Routing Department

Routing Operation - Fabrication Outline
Run-Time~-Total

Run-Time=Unit

Schedule Code

Schedule Date

Schedule Table Code

Section Column Number

Section Manufacturing Index
Section Number

Self-Explanatory

Send Number - Military/Commercial
Spares

SEO-ETC (Serial Engineering Order)
(Engineering Group Tag)

Sequence Code

Serial Engineering Order Incorporation
Ddte

Setback - Assembly
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Setback - End Date
Setback ~ Part Code
Setback - Release Planning
Setback - Total

Setup Time - Unit

Ship Number - Scheduled
Ship Release Status

Ship Sets

Ship Shortage Number

Shop Number (Fuselage)
Shop Order - Auxiliary
Shop Order - Excess/Shortage
Shop Order - Release

Shop Order Number
Shortage Data

Sign (Excess/Shortage)
Source Code

Source Department

Source of Assignment

Source of Master Tools
Spare Part Classification
Special Schedule Code
Specification Change Notice

Specification Change Notice Approval
Approval Form

Specification Change Notice
Quote Request

Starting Fuselage Number
Station Number - Current

Station Number - Current Code

Stati: , Number - Prior

Station Number - Prior to Prior
Stock Size

Stop=Order Date

Sub Sub System

Sub-Segment Effectivity Indicator
Subcontractor Code

Subsystem Section

Supplier Address

Supplier Data History

Supplier Name

Symptom Code (For Hardware)
System Defect Symptom Code
Technical Letter Change

Term Point = Next

Termination Point

Test Results

Time

Time Between Schedule Shop Visits
Time Qetween Shop Overhaul
Time Code

Title=Assembly Outline

Tool Number - Basic

Tool Number - Dash

Tooling = Assembly

Tooling - Fabrication

Tools - Assembly Added/Reworked
Tools - Fabrication Added/Reworked
Total Hours Run on Part

Total Set=-Back

Transaction Code



Transaction Date
Turnover Summary Report
Type of Procurement
Type of Release

Unit of Measure

VIR Serial Number (Vendor
Information Request)

Wire Inspection Check List Item No.
Work Breakdown Structure Identifier
Work Description - Assembly Outline
Work Description = Fabrication Outline
Work Order Authorization Number
Work Release Order

Aircraft System/Chapter Number
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